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PREFACE. 



While we have recent and improved systems of G^graphy, of Aritli- 
metic, and of Grammar, in ample variety , -and Reading and Spelling Books 
in corresponding abundance, many of which show our advancement in 
the science of education, no one has offered to the public, for the use of 
our schools, any new or improved system of Natural Philosophy. And 
yet this is a branch of education very extensively studied at the present 
time, and probably would be much more so, were some of its ports so ex- 
plained and illustrated as to make them more easily understood. 

The author therefore undertook the following work at the suggestion of 
several eminent teachers, who for years have regretted the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in common use. 

The Conversations on Natural Philosophy, a foreign work now exten- 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficient— particularly in wanting such a method in its explanations, aa to 
convey to the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most useful to the student, 
and at the same time most easily taught. 

It is also doubted by many instructors, whether Conversations is the 
best form for a book of instruction, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those whc- 
have had most experience as teachers, are decidedly of the opinion that 
it is not; and hence we learn, that in those parts of Europe where the 
subject of education has received the most attention, and consequently 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present e»> 
tirely out of use. 

The author of the following syst^n hopes to have illustrated and ex- 
plained most subjects treated of, in a manner so &miliar as to be under- 
stood by the pupil, without requiring additional diagrams, or new modes 
of explanations from the teacher. 

Every one who has attempted to make himself master of a difficok 
prqposituni by means of diagrams, knows that^the great number of lettere 
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of refbre&ce witk which they are sometimes loaded, is often the moat per* 
plezing^ part of the subject, and particularly when one figure is made to 
answer seyeral purposes, and is placed at a distance from the explanation. 
To avcnd this difficulty, the author has introduced additional figures to 
illustrate, the different parts of the subject, instead of referring back to for- 
mer ones, so that the student is never perplexed with many letters on any 
one figure. The figures are also placed under the eye, and in immediate 
connexion with their descriptiona, so that the letters of reference in the 
text, and those on the diagrams, can be seen at the same time. In respect 
to the language employed, it has been the chief object of the author to 
make himself understood by those who know nothing of mathematics, and 
who indeed had no previous knowledge of Natural Philosophy. Terms 
of science have therefore' been as much as possible avoided, and when 
used, are explained in connexion with the subjects to which they 
belong, and it is hoped, to the comprehension of common readers. This 
method was thought preferable to that of adding a Glossary of scientific 
terms. 

The author has also endeavored to illustrate the subjects as much as 
possible by means of common occurrences, or common things, and in this 
manner to bring philosophical truths as much as practicable within ordi- 
nary acquirements. It is hoped, therefore, that the practical mechanic 
may take some useful hints concerning his business, from several parts oi 
the work. 

Hartford, Alayi 1830. 



REGOMMENDATIONE 



TV atUntion of Teaehertj and other gtntlmnen interuted in edueoiio% U rtgi m i 
id, to the foUowinff notice of this ** SyMfm of PhUooapkjf," which an from ttt 
moot roapedable aoureea: 

From John Griacom, LL, D. Principal of the Nevt- York IBgh StheoL 

Note- York, June I9ih, ISaa 

ESTBSMED FriBND, 

I have received and examined thy book on Natural Philosophy, with much mU»> 
faction ; I have no hesitation in saying, tliat I consider it better adapted to the par> 
poees of School Instruction, than any of the Manuals hitherto in use with which 1 am 
acquaintei. The amiable author of the. Conversations threw a charm over the dif- 
ferent subjects which she has treated of, by the interlocutory style which she adopted, 
and thiis rendered the private study of those Sciences more attractive; but this style 
or manner, being necessarily difi\ise, is tfot so well adapted to the didactic forms of 
Instruction pursued in Schools. Hence also, more mat^r cau be introduced within 
the same compass, and I find, on comparing thy volume with cither of the editioMS 
of the Conversations now in use, that the former is much b«^ter entitled to the ap- 
pellation of a System of Natural Philosophy, than the latter. The addition also of 
E.ectricit7 and Magnetism, is by no means unimportant in a course of instruction lo 
the Physical Sciences. 

- I am, with great respect, JOHN GRISCOM. 

P. S. I have recommended thy book to all the pupils of our High School, wha at- 
tend to Natural Philosophy, and it is the only Book which we ahall now use as a Glass 
Book. 

Prom M. Potter^ Profeeaor of Mathematica and Natural Philoeophy^ [in Waehing- 
ton College^ Hartford^ Conn, 
Dhab Sir, 

I have examined a portion of yoar work on Natural PhikMophy, and am happy lr\ 
say that I am, in general, well pleased with the plan you have adopted. With the 
exception of a f£w errors, which will doubtless be corrected in a subsequent edition, 
your mode of treating your subjects seems to be sufficiently scientidc for a work so 
very elementary in its character— and at the same time, it is so popular, as to present 
few difficulties to an uneducated person of ordinary anderstanding. The diagrams 
axe generaUy well drawn, and the plan of introducing them on the same page- with 
ttie ^qilanation, will contribute greatly to the comfort and advantage of your readers. 
Very truly Yours, H. POTTER. 

DS. J. L. COKSTOOK. 

WaeMngton College^ July 1, 1830. 

fVom the Right Rev. T, C, Brownell, D. JD., LL. D., President tifWaekingtm 

College. 

From a cnnory examinatiao of the work, I willingly concur in the above reeom 

mendation. I know of no similar. Book, which, for plan and arrangement, is so well 

takulatedfortheoseofScbools. T. a BSOWNEUL 

Db. J. I» COMSVSCK. 
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Dm. CotaptooKt 

I have examined your Treatise on Natural Philosophy with considerable attentiol^ 
having oaed it as a Text Book in the Orammar School, immediately on its pobliea* 
tlon. With this knowledge of its contents, I have no hesitation in pronouncing it th^ 
best work on this subject, for the use of Schools and Academies, with which I am 
acquainted, and therefeie hope to see it extensively introduced. 

E. P. BARROWGf, 
Principal Hartford Grammar School 
Hartford, June 26, 183a 
Dh. Cokbtock, 

Dear Sir,— I have carefully examined your System of Natural Philosophy, and am 
of opinion that it is far superior to any work of the kind now in use. As particulaf 
excellencies of this System, I would mention its happy illustrutlon»— the perspicuity^ 
variety, arrangement, and originality of Its diagrams, and the addition of much new« 
mteresUng, and useful matter. It appears, indeed, to have been a principal objecl 
with you, to give the Student correct and definite ideas, and in this attempt I think 
you have been peculiarly successful. I have been highly pleased with the work my 
self, and can heartily recommend it to the attention and patronage of the public. 

OLIVER HOt'SON, 
^ Principal of the Select School 

Hartford, June 1, 1830. 
From the Teacher of Mathematiee and Natural Philosophy in Vie High School, al 
ElUngton, Conn, 
Dear Sir,— I have examined your " System of Natural Philosophy," and used it a» 
a tex^book for one c^s. I consider it better adapted to the purposes of elementary 
i^istruction than any work of a similar kind with which I am at present acquamted. 

ZEBULON CROCKER. 
ElUngton School, Aug. 10, 1830. 
Gbntlbhbn, 

I have examined "Comstock's Natural Philosophy,'* and think it is a book ezcel> 
lently adapted to communicate a competent knowledge of the various subjects on 
which it treats. It does not enter into that depth of Sclentiflcal and Mathematical 
illustration, of which the subjects are susceptible ; but it illustrates, in a familiar way, 
most of the principles of Natural Philosophy, and is enriched with a statement ot 
practical details in that science. It is a book well calculated to be highly useful ia 
our Schools and Academies. 

Most nq>ectfoUy 'Yours, &c ROBERT BRUCE; 

Preeident qfWeatem University, Penn. 
GuMTLmiBM, 

I have examined many of those Treatises of Natural Philosophy tliat have been pre- 
pared for the younger classes of Students— Di^ Comstock apprraches more nearly to 
the idea 1 have formed of what such a work should be, than any I have met with. It 
Is rich in Philosophical facts,' Its explanations are popular, its illustrations practical, 
and its language perspicuous. It in perfectly adapted to those students at school that 
• do not take an extensive course of Biathematics, and to those tliat do^ it will serve th« 

kapartam purpose oMn Introduction. 

Tonnb respeotfolly, J. H. FIELDING, 

Pretident qfMadisoi^ CoUigt, 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OP BODIES. 



A Body is any substance of which we can gain a know- 
ledge by our senses. Hence air, water, and earth, in all their 
modifications, are called bodies. 

There are certain properties which are common to all bo- 
dies. These are called* the essential properties of bodies. 
They are Impenetrabilityj Extension, Figure, Divisibility, 
Inertia, and Attraction. 

Impenetrability. — By impenetrabihty, it is meant that two 
bodies cannot occupy the same space at the same time, or, 
ihat the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
any other substance heavier than water, be dropped into it, a 
quantity of water will overflow, just equal to tne size of the 
heavy body. This shows that the stone only separates or dis- 
places the particles of water, and therefore that the two sub- 
stances cannot exist in the same place at the same time. If a 
glass tube open at the bottom; and closed with the thumb at 
le top, be pressed down into a vessel of water, the liquid will 
not rise up and fill the tube, because the air already in the 
tube resists it ; but if the thumb be removed, so that the air 
can pass out, the water will instantly rise as high on the inside 
of the tube as it is on the outside. This shows that the air is 
impenetrable to the water. 

What 18 a body 7 Mention several bodies. What are the ewential pio- 
perties of bodies 7 What is meant by impenetrabUity 7 How is it proved 
Jiat air and water axe impenetiable % 
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10 PROPERTIES OF BODIES. 

If a nail be driven into a board, in common language, it is 
aaid to penetrate the wood, but in the language of pnilosodhy, 
it only separates, or displaces the particles of the wood. The 
same is tne case, if tlie nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to make room for the harderbody, but the 
particles themselves are by no means penetrated by the nail. 

When a piece of gold is dissolved in an acid, the particles 
of the metal are divided, or separated from each other, and 
difRised in the fluid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of wood a foot square is quite dif- 
ferent from that of a walking stick. But they both equally 
possess length, breadth, and thickness, sinca the stick miglit 
oe cut into little blocks, exactly resembling in shape me 
large one. And these little, cubes might again be divided 
until they were only the hundredth part of an inch in diame- 
ter, and still it is obvious, that they would possess length, 
breadth, and thickness, for they could yet be seen, felt, and 
measured. But suppose each of these little blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quality of extension, as really 
as they did before division, the only difference being in respect 
to dimensions. 

Figure, or form, is the result of extension, for we canno 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

Some solid bodies have certain or determinate forms, 
which are produced by nature, and are always the same, 
wherever they are found. Thus a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being 

When a nail is driven into a board or piece of lead, aie the particleB o* 
these bodies penetrated or separated 1 Are. the particles cf gold dissolved, 
or only separated by the acid 7 What is meant by extension 1 In how 
many directions do bodies possess extension t Of what is figure, or form, 
theTCsolt? Doallbo^espoiwnfiguxel Wiiat solids an ngular in thdi 
finnil 
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tnVMriable. Some solida are so ifregular, that they cannot 
be eompared with any mathematical n^re. This is the case 
with the fragments of a brbken rock, chips of wood, fractured 
glass, d&c. 

Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

Dimsihility. — By the divisibility of matter, we mean that 
a body may be divided into parts^ and that these parts may 
again be divided into other parts. 

It is quite obvious, that if we break a piece of marble into 
two parts, these two parts may again be divided, and that the 
process of division may be continued until these parts are so 
small as not individually to be seen or felt. But as every body, 
however small, must possess extension and form^ so we can 
conceive of none so minute but that it may a^ain be divided. 
There is, howiever, possibly, a limit, beyond which bodies 
cannot be actually divided, for there may be reason to believe 
that the atoms of matter are indivisible by any means in our 
power. But under what circumstances this takes place, or 
whether it is in the power of man during his whole Hfe, to 
polverize any substance so finely, that it may not again be 
broken, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that every day come 
within our knowledge. 

A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weirht. Here, the particles 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

Gold is hammered so thin, as to take 282,000 leaves to make 
an inch in thickness. Here, the particles still adhere to each 
other, notwithstanding the great surface which they cover, — a 
single grain being simicient to extend over a surface of fifty 
square inches. 

The ultimate particles of matter, however widely they may 
be difiused, are not individually destroyed, or lost, but under 
certain circumstances, may again be collected into a body 

Wbat bodies are irregular 1 What is meant by divisibUitj of matter 1 If 
there any limit to the divirabilitj of matter 7 Are the atoms of matter d>- 
nrilile? What examples are given of the divisibilitjr of matter? How 
many IeaTe«i of gold does it take to m^e an inch in tmckness t •J3i<m m^ 
Aj sqoaxe inches may a gndn of gold be made to oomrl 
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widiout change of form. Mercury, water, and mairy' other 
substances, may be converted into vapor, or distilled in dose 
vessels, without any of their particles being lost. In sucb 
cases, diere is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa- 
ter assume their original state again on cooling. 

"When bodies suffer decomposition or decay, their elemen- 
tary particles, in like manuer, are neither destroyed nor lost, 
but only enter into new arrangements, or combinations with 
other bodies. 

When a piece of wood is heated in a close vessel, such as a 
retort, we obtain water, an acid, several kinds of sas, and 
there remains a black, porous substance, called cnarcoaL 
The wood is thus decomposed, or destroyed, and its parti- 
cles take a new arrangement, and assume new forms, but 
that nothing is lost is proved by the fact, that if the water, 
acid, gases, and charcoal be collected and weighed, they wiU 
be found exactly as heavy as the wood was, before distilla- 
tion. 

Bones, flesh, or any animal substance, may in the 8am« 
manlier be made to assume new forms, without losing a par- 
ticle of the matter which they originally contained. 

The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, change their places, and assume 
new forms. 

The decay and decomposition of animals and vegetables on 
the surface of the Ear.h form the soil, which nourishes the 
growth of plants and other vegetables ; and these, in their 
turn, form the nutriment of animals. Thus is there a per- 
petual change from death to life, and from life to death, and 
as constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter of 
which every living animal, and every vegetable was formed, 
before and since the flood, is still in existence. As nothing is 
lost or annihilated, so it is probable that nothing has been 
added, and that we, ourselves, are composed of particles of 

' Under what circmnstanGefl may the particles of matter a£ain be collected 
in their original form? When bodies gaffer decay, are their particles ket I 
What becomes of the particles of bodies which decay 1 Is it {irobaUe thai 
uj matter has been aonihilaled or added, sinoe the fint creation 1 
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matter as old as the creation. In time, we must, in our turn, 
eaBer decomposition, as all forms have done before us, and 
thus resign the matter of which we are composed, to form new 
existences. '^ — 

Inertia. — ^Inertia means passiveness or want of power. 
Thus matter is, of itself, equally incapable of putting itself in 
motion, or of bringing itself to restwnen in motion. 

It is plain that a rock on the surface of the earth, never 
changes its position in respect to other things on the earth. 
It has of itself no power to move, and would, therefore, for ever 
lie still, unless moved by some external force. This fact is 
proved by the experience of every person, for we see the same 
objects lying in the same positions all our lives. Now, it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it- 
self in motion, wtien at rest, for having no life, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter does not put itself 
in motion, we might be led to believe, that rest is the natural 
state of all inert bodies, but a few considerations will show, 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistance, or impulse, of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is rough, and presents im- 
]/ediments to its motion ; but if it be rolled on the ice, its mo- 
tion will continue much longer, because there are fewer im- 
pediments, and consequently, the same force of impulse will 
carry it much farther. We' see from this, that with the same 
impulse, the distance to which the ball will move must depend 
on the impediments it meets with, or the resistance it has to 
overcome. But suppose that the ball and ice were both so 
smooth as to remove as much as possible the resistance caused 
by friction, then it is obvious that the ball would continue to 
move longer, and go to a greater distance. Next suppose we 
avoid the friction of the ice, and throw the ball through the 
air, it would then continue in motion still longer with the same 

What is said of the particles of matter of which we are madel What 
does inortia mean 1 Is rest or motion the natarai state of matter 1 Why 
io08 the boll xoU ftrther on the ice than on the gxoundl What does this 
pioye7 

3 
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force of projection, because the air alone, preients less impedi- 
ment than the air and ice, and there b now nothing to oppose 
its constant motion, except the resistance of theair, and its own 
weight, or gravity. 

If the air oe exhausted, or pumped out of a vessel by means 
of an air pump, and a common top, with a small, hard point, 
be set in motion in it, the top will continue to spin for hours, 
because .the air does not resist its motion. A pendulum, set 
in motion, in an exhausted vessel, will continue to swinff, with- 
out the help of clock work, for a whole day, because there is 
nothing to resist its perpetual motion, but the small friction at 
the point where it is suspended. 

We sec, then, that it is the resistance of the air, of friction, 
and of gravity, which cause bodies once in motion to cease 
moving, or come to rest, and that dead matter of itself, is 
equally incapable of causing its own motion, or its own 
rest. 

We have perpetual examples of the tnith of this doctrine, 
in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

Attraction, — By attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
other. 

We know that substances are composed of small atoms, or 
particles, of matter, and that it is a collection of these, united 
together, that forms all the objects with which we are acqualut- 
eoT Now, when we come to divide, or separate any substance 
into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechanical 
means, but that they cling together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant. Experiment and 
observation, however, demonstrate, that this power pervades 
all material things, and that under different modifications, it 

Wby, with the same force of projection, will a ball move farther through 
tbe air than on the ice 1 Wh^ will a top spin, or a pendulum swing longer, 
a an exhausted vessel than in the air? What are the causes which re- 
Mt the perpetual motion of bodies 1 Where have we an example of 
■■^inii iimntinn without the existence of air and friction 1 What is meant 
If mMmaaaa 1 What is known about the cause of atlnction 7 Is attraction 
0HHB to an kinds of matter, or not 7 
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not only makes the particles of bodies adhere to each othf r, 
but is the cause which keeps the planets in their orbits as thej 
pass through the heavens. 

^ Attraction has received different names, according to the 
circumstances under which it acts. 

The force which teeps the particles of matter together, to 
form bo'Kes, or masses, is caliea attraction of cohesion. That 
which inclines different masses towards each other, is called 
attraction of gravitation. That which causes liouids to rise 
intuljes, is called capillary attraction. That whicn forces the 
particles of substances of different kinds to unite, is known 
under the name of chemical attraction. That which causes 
the needle to point constantly towards the poles of the earth 
is magnetic attraction ; and that which is excited by friction 
in certain substances, is known by the name of electrical at" 
traction. 

The following Ulustrationg^ it is hoped, will make each kind 
of attraction distinct and obvious to tne mmd of the student 

Attraction of cohesion acts only at insensible distances, as 
when the particles of bodies apparently touch each other. 

Take two pieces of lead, of a round form, an inch in diame" 
ter, -and two inches long ; flatten one end of each, and make 
through it an eye-hole for a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought toffether« 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pun them apart by the two 
strings. 

In like manner, two pieces of plate glass, when their surfa- 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
ihan in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger 
than in others. - In general, it is most powerful among me 
particles of solid bodies, weaker among those of liquids, and 

What effect does this power have upon the planets 1 Why has afctne- 
tion received different names 1 How mahy kinds of attraction are there 7 
fiow does the attractbn of cohesion operate 1 What is meant by attraction 
of giavitatbn 1 What by cajdilary aUracUcml What by chemical attrao* 
tion 7 What is that which makes the needle point towards the pole 1 How 
is electrical attraction excited 1 Give an example of cohesive attzacUoiu 
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prolMkbly entirely wanting among elastic fluldfl, such as air, and 
uejrases. 

llius, a small ifpn wire will hold a suspended weight ol 
many pounds, without having its particles separated ; the par- 
ticles of water are divided by a very small force, while those 
of air, are «till more easily moved among each other. These 
different properties depend on the force of cohesion with which 
the several particles of these bodies are united. 

When the particles of fluids are left to arrange themselves 
according to the laws of attraction, the bodies which they com- 
pose assume the form of a globe or ball. 

Drops of water thrown on an oiled surface or on wax — glo- 
bules of mercury, — hail stones, — a drop of watrr adhering to 
the end of the finger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of this law 
of attraction. The manufacture of shot is also a striking illus- 
tration. The lead is melted and poured into a sieve, at the 
height of about two hundred feet from the g-round.- The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ground, are 
' cooled and become solid, and thus are formed the snot used by 
.sportsmen. 

To account for the globular form in all these cases, we have 
only to consider that the particles of matter are mutually at- 
tracted towards a common centre, and in liquids being free to 
move, they arrange themselves accordingly. 

In all figures except the globe* or balU some of the partielecr 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the outside is exactly at the same 
distance from the centre. 

Fig. 1. Thus the corners of a cube, or square, are 

at much greater distances from the centre, 
than the sides, while the circumference oif 
V a circle or ball is every where at the same 
\ distance from it. This difference is shown 
I by fig. 1, and it is quite obvious, that il the 
particles of matter are equally attracted to- 
y ^ wards the common centre, and are free to 
^ arrange themselves, no other figure could 

In what aolHtaiioes is cohesive attraction the strongest 1 In what sub- 
slnoe»i»ifc weakest "i Why aie the particles of fluids more easily separated 
thMathMBofaiUBl 
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possibly be formed, since then every part of the outside ia 
equally attracted. 

The sun, earth, moon, and indeed all the heavenly bodiesy 
are illastrations of this law, and therefore were probably in so 
soft a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 

Attraction of gravitation. — ^As the attraction of cohesion 
unites the particles of matter into masses or bodies, so the 
attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

The attraction of gravitation is mutual, since all bodies not 
only attract other bodies, but are themselves attracted. 

Fig. 2. Two cannon balls, when suspended by long cords, 
so as to hang quite near each other, are found to 
exert a mutual attraction, so that neither of the 
cords is exactly perpendicular, but they approach 
each other, as in fig. 2. 

In the same manner, the heavenly bodies, 
when they approach each otlier, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion 
as bodies approach each other, and by the same 
law it must diminish in proportion as they recede 
I from each other. 

Attraction, in technical language, is inversely 
I as the squares of the distances between the two 

X J|^ bodies. That is, in proportion as the square of 
W W the distance increases, in the same proportion at- 
traction decreases, and so the contrary. Thus, if at the dis- 
tance of 2 feet, the attraction be equal to 4 pounds, at the 




What form do fluids take, when their particles are left to their own 
arrangement 1 Give examines of this law. How is the globular form 
which liquids assume, accounted for ? If the particles of a body are free 
to move, and are equally attracted towards the centre, what must be its 
figttie 1 Why mwt the figure be a globe 7 What great natural bodies 
are examples of this law 1 What is meant by attraction of gravitation 1 
Can one body attract another without being itself attracted 1 How is It 
proved that bodies attract each otberl By id.at law, or rule, does the fi»6» 
of attraction increase 1 



18 



PROPERTIES OF BODIES. 



distance of 4 feet, it will be only 1 pound ; for the square of 2 is 
4| and the square of 4 is 16, which is 4 times the square of 2. 
On the contrary, if the attraction at the distance of 6 feet be 3 
pounds, at the distance of 2 feet it will be 9 times as much, or 
27 pounds, because 36, the square of 6, is equal to 9 times 4# 
the square of 2. 

The intensity of light is found to increase and diminish in 
the same proportion. Thus, if a board a foot square, be placed 
at the distance of one foot from a candle, it will be found to 
hide the light from another board of two feet square, at the 
distance of two feet from the candle. Now a board of two feet 
square is just four times as large as one of one foot square, 
and therefore the light at double the distance being spread 
over 4 times the surface, has only one fourth the intensity. 



Fig. 3. 




This experiment 
may be easily tried, 
or may be readily 
understood by fig. 
3, where c repre- 
sents the candle, A 
the small board, 
and B the large 
one ; B being four times the size of A, 

The force of the attraction of gravitation, is in proportion 
to the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater quan- 
tity of matter than others : thus, a piece of lead contains about 
twelve times as much matter as a piece of cork of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. -^^> , 

Capillary Attraction. — ^The force by which small tubes, oi 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside oi 



GKve an example of this rule. How is it shown that the intensity oi 
light increases and diminishes in the same proportion as the attraction of 
matter 7 Do bodies attract in proportion to bulk, or quantity of matter 7 
What would be the difference of attraction between a cubic inch of lead, 
and a cubic inch of cork 1 Why would there be so much differenced 
What if meant by capillary attraction 1 How is this kind of attraction U- 
liMtrated with a glass tube 1 
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ihe tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The sides of a small orifice are so near each other, as to at- 
tract the particles of the fluid on their opposite sides, and as 
all attraction is strongest in the direction of the greatest quan- 
tity of matter, the water is raised upwards, or in the direction 
of the length of the tube. On the outside of the tube, the o])- 
posite surfaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raising the fluid. This seems to be the rea- 
son why the fluid rises higher on the inside than on the outside 
of the tube. 

A great variety of porous substances are capable of this kind 
of attraction. If a piece of sponge or a lump of sugar be 
placed, so that its lowest corner touches the water, the fluid 
will rise up and wet the whole mass. In the same manner, 
the wick of a lamp will carry up the oil to supply the flame, 
though the flame is several inches above the level of the oil. 
If the end of a towel happens to be left in a basin of water, it 
will empty the basin of its contents. And on the same princi- 
ple, when a dry wedge of wood is driven into the crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls upon it, it will absorb the water, swell, and sometimes 
split the rock. In Germany, mill-stone quarries are worked in 
this manner. 

Chemical attraction takes place between the particles of 
substances of diflerent kinds, and unites them into one com- 
pound. 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a univer- 
sal property. It is also known under the name of chemical 
affinity, because it is said, that the particles of substances hav- 
ing an afiinity between them, will unite, while those having no 
affinity for each other do not readily enter into union. 

There seems, indeed, in this respect, to be very singular pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a piece of marble be thrown into sulphuric acid, 
their particles will unite with great rapidity, and commotion. 

Why does the water rise higher in the tuhe, than it does on the outside? 
Give some common illustrations of this principle. What b the effect of 
chemical attraction 1 By what other name is this kind of attraction known 1 
What effect is pfoduced when marble and sulphuric acid are brought to- 
gether 1 
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and there will resalt a compound differing in all respects from 
the acid or the marble. But if a piece of glass, quartz, gold, 
or silver, be thrown into the acid, no change is produced on 
either, because their particles have no affinity. 

Sulphur and quicksilver, when heated together, will form a 
beautiful red compound, known under the name of vermilion^ 
and which has none of the qualities of sulphur or quicksilver. 

Oil and water have no affinity for each other, but potash 
has an attraction for both, and therefore oil and water will 
unite when potash is mixed with them. In this manner, the 
well knowii article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water ; and therefore when soap is mixed with an acid, 
the potash leaves the oil, and unites with the acid, thus de- 
stroying the old compound, and at the same instant forming a 
new one. The same happens when soap is dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are called hardj and will not wash, because the 
acid renders the potash a neutral substance. 

Magnetic Attraction, — There is a certain ore of iron, a 
piece of which, being suspended by a thread, will always 
turn one of its sides to the north. This is called the load' 
stone, or natural Magnet, and when it is brought near a piece 
of iron, or steel, a mutual attraction takes place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other. This is called Magnetic Attraction. 
When a piece of steel or iron is rubbed with a Maornet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a strinff, one of its 
ends will constantly point towards the north, while the other, 
of course, points towards the south. This is called an artificial 
Magnet. The magnetic needle is a piece of steel, first touched 
with the loadstone, and then suspended, so as to turn easily 

What is the effect when ^kss and this acid are brought together 1 
What is the reason of this difference 1 How may oil and water be made . 
to unite 1 What is the coinposition thus formed called 1 How does an acid 
destroy this compound 1 What is the reason that hard water will not 
washl What is • natural magnet 1 What is meant by magnetic attrao- 
tKnt VTlial is an Mrti£M»d magnet 1 Whal ii a magncitic needle 1 
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on a point By means of this Instruirent, the mariner gmit§ 
his ship througn the pathless ocean. See Magnetism. 

Electrical Attraction. — ^When a piece of glass, or sealing 
wax, is rubbed with the dry hand, or a piece of cloth, and then 
held towards any light substance, such as hair, or thread, the 
light body will be attracted by it, and will adhere for a mo- 
ment to the glass or wax. The influence which thus moves 
the light body is called Electrical Attraction. When the light 
body nas adhered to the surface of the glass for a moment, it is 
again thrown off, or repelled, and this is called Electrical Re- 
pulsion. See Electricity. 

We have thus described and illustrated all the universal or 
inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely. Chemical, 
Magnetic, and Electrical. There are still several properties 
to be mentioned. Some of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but slightly. 
Others belong exclusively to certain substances, and not at all 
to others. Tnese properties are as follows. 

Density ' — ^This property relates to the compactness of bo- 
dies, or the number of particles which a body contains within 
a given bulk. It is closeness of texture. Bodies which are 
most dense, are those which contain the least number of pores. 
Hence the density of the metals is much greater than the 
density of wood. Two bodies being of equal bulk, that which 
weighs most, is most dense. Some of the metals may 
have this quality increased by haramcrlnff, by which their 



pores are filled up and their particles are Drought nearer to 
each other. The density of air is increased by forcing more 
into a close vessel than it naturally contained. 

Rarity. — This is the quality opposite to density, and means 
that the substance to which it is applied is porous, and light. 
Thus air, water, and ether, are rare substances, while gold, 
lead, and platina, are dense bodies. 

Hardness. — ^This property is not in proportion, as might 
be expected, to the density of the substance, but to the force* 
with which the particles' of a body cohere, or keep their 



What is its Ufle7 What is meant by electrical attraction? What is 
electrical reDuIsionI What is densi^l What bodies are most dense 7 
How may this quiiliW be increased in the metals') What is mrityl-* 
What aie rare bod^l Whatan draae bodiesi Howdoes hardnew dif« 
ferfiDomdenntyl 
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places. Glass, for instance, will scratch gold or platina, though 
these metals are much more dense than glass. It is prohahle, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in their 
places. 

Some of the metals can be madi hard or sofl at pleasure. 
Thus steel when heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly^it b soft 
and flexible. 

Elasticity is that property in bodies by which, after being 
forcibly compressed or bent, they regain their original state 
when the force is removed. 

Some substances are highly elastic, while others want this 
property entirely. The separation of two bodies after impact, 
or striking together, is a proof that one or both are elastic. 
In general, most hard and dense bodies, possess this quality 
in greater or less degree. Ivory, glass, marble, flint, and ice, 
are elastic solids. An ivory ball; dropped upon a marble slab, 
will bound nearly to the heiffht from which it fell, and no 
mark Avill be left on either. India rubber is exceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
bound to an amazing dis^nce. 

Putty, dough, and wet clay, are examples of the entire want 
of elasticity, and if either of* these be thrown against an impe- 
diment, they Avill be flattened, stick to the place they touch, 

ii iicvcr, !il:c elastic bodies? regain their former shapes. 

Among fluids, water, oil, and in general all such substances 
as are denominated liquids, are nearly inelastic, while air and 
the gaseous fluids, are the nlost elastic of all bodies. 

Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties are 
united. Glass is the standard, or type of brittleness, and yet 



Why will gUuMscfatch gold or platina? What metal can be made hard 
or soft at pleasure '} What is meant by elasticity 1 How is it known that 
bodies possess this property 1 Mention several elastic solids. Give exam- 
ples of inelastic sohds. Do liquids possess this property 1 What are thd 
most elastic of all substances 1 What is brittleness 1 Are britttenms and 
•lMttei^«v6rfi>iiiidinUi0Miiissahrtuio6t Give examplM. 
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s ball, or fine threads of this snbetance are highly elastic, as 
may be seen by the bounding of the one, ana the springing 
of the other. 6rittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and eop- 
per, become brittle when heated and suddenly cooled, but if 
cooled slowly, they are not easily broken. 

Malleability, — Capability of being drawn under the ham> 
mer, or rolling press. This property belongs to some of the 
metals, but not to all, and is of yast importance to the arts 
and conveniences of life. 

The Malleable metals are, gold, silyer, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle me- 
tals. Brittleness is therefore the opposite of malleability. 

Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin thst light may be seen 
through it Copper and silver are also exceedingly malle- 
able. 

Ductility, is that property in substances which renders them 
susceptible of being drawn into wire. 

We should expect that the most malleable metals would also 
be the most ductile ; but experiment proves that this is not the 
case. Thus, Un and lead may be drawn into thin leaves, but 
cannot be drawn into small wire. ^ poM is the most malleable 
of all the metals, but platina.is^e most ductile. Dr. WoDas- 
ton drew platina into threads not much larger than a spider's 
web. 

Tenacity, in common language called toughness, refers to 
the force of cohesion among the particles of bodies. Tena- 
cious bodies are not easily pulled apart. There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead is the least so. Steel is by far die most 
tenacious of all known substances. A wire of this metal 
no larger than the hundredth nart of an inch in diameter 
sustained a weight of 134 pounds, while a wire of platina of 

How are iron, steel, and brass, made brittle 1 What does malleabifitv 
moan 1 What metals are malleable, and what ones are brittle ? Whieb 
is the most malleable metal 1 What is meant by ductility 1 Are the most 
malleable metals^ the most ductile 1 What is meant by tenacity 1 FVon 
what does this property arisel What metds ave most tenackmsl 
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the same size, would sustain a weight of only 10 pounds, and 
one of lead only 2 pounds. Steel wire wiU sustain 99,000 
feet of its own length without breaking. 

Recapitulation. — The common, or essential properties o^ 
bodies are, Impenetrability, Extension, Figure, Divisibility 
Inertia, and Attraction. Attraction is of several kinds, nan\e 
ly. Attraction of cohesion. Attraction of gravitation, Capillary 
attraction. Chemical attraction. Magnetic attraction, ana Elec- 
trical attraction. 

The peculiar properties of bodies are. Density, Rarity, Hard- 
ness, Elasticity, Brittleness, Malleability, Ductility, and Tena- 
city. 

Force of Gravity. 

The force by which bodies ' are drawn towards each othei 
in the mass, igid by which they descend towards the earth 
when suspended or let fall from a height, is called the force 
ofgravitj^ 

The attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gravity, and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend downwards towards the centre of the 
earth, in a straight line from the point where they are let fall. 
If then a body be let fall in any part of the world, the line x>f 
its direction will be perpendicular to the earth's surface. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in re- 
spect to us, would be upward, while the downward motion 
from where we stand, would be upward in respect to those 
who stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. 

What proportion does the tenacity of steel bear to that of platina and 
lead 1 What are the esseu^ial properties of bodies 1 How many kinds of 
attraction are there 1 What are the ^uliarproperties of bodies 1 What 
is sraYity 1 What is terrestrial gravity 1 Xo whai point in the earth do 
uSing bodies tend 1 In what direction will two falling bodies from opposite 
parts of the earth tend, in respect to each other 1 In what direction will 
Me from half way between them meet their line 1 ' 
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This will be readily under- 
stood by fig. 4y wnere the 
circle is supposed to be the 
circumference of the earth, 
a, the ball falling towards its 
upper sur&ce, where we 
stahd; &, a ball falling to- 
wards the opposite side of the 
^ jr earth, but ascending in re- 
spect to us, and d^ a oall de- 
scending at the distance of a 
quarter of the circle, from 
me other two, and crossing 
* the line of thdr direction at 
riffht angles. 

It will be obvious, there- 
fore, that what we call up and 
down are merely relative terms, and that what is down in re- 
spect to i^ is up in respect to those who Hve on the opposite 
side of the eartb, and so the contrary. Consequently dovmt 
every where means towards the centre of the earth, and up 
from the centre of the earth; because all bodies descend 
towards the earth's centre, from whatever part they are let 
fall. This will be apparent when we consider, that as the earih 
turns over every 24 hours, we are carried with it through 
the poinds a, d^ and &, (iff. 4 ; and therefore, if a ball is sup- 
posed to fall frojp tfie pomt a, say at 12 o'clock and the same 
ball to fall again from the same point above the earth, at 6 
o'clock, the two lines of direction will be at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, will be under (2 at 6 o'clock, the earth 
having in that time performed one quarter of its dally revolu- 
tion. At 12 o'clock at night, if the ball be supposed to &11 
again, its line of direction will be at right andes with that of 
its last descent, and consequently it will asceruL in respect to ihe* 
point on which it fell 12 hours before, because the ear€|^ would 



How IB tbifl shown by the figure 1 Are the tenns up and dotm relative^ 
or podtiTe,' in their meaning 1 What is understood by down in any part 
of the earth? Suppose a bdl be let fiOlat 18 gnd then at 6 o'clock, in what 
direcdon would the Hnes of their descent meet each otitar 1 Simpose two 
balk to descend firom opposite aides of tfis epajtii, what wSuId be tbnr dirso. 
lion in xemct to eadi other 1 ^ 
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hare then gone through one half her daily rotation, and the 
point a woSd be at 6. * • 

The velocity or rapidity of every falling body, is uniformly 
accelerated, or increased in its approach, towards the eardi, 
from whatever height it fiills. 

If a rock is rolled from a steep mountain, its motion is at 
first slow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather fresh 
speed every moment, until its force is such that every obstacle 
is overcome ; trees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
the plain. 

The same principle of increased velocity as bodies descend 
from'a height, is curiously illustrated by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
?essel, as it descends, is reduced to the size of a straw, or 
knit^ng needle ; but what it wants in bulk is made up in ve- 
locity, for the si;nall stream at the ground, will fill a vessel 
just as soon as the large one at the outlet. 

For the same reason, a man may leap from a chair without 
danger, but if he jumps from the house top, his velocity be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

: These increased proportions do not depend on the increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravity, 
which perpetually gives new impulses to the falling body, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes through a space of 16 
feet and 1 inch during the lirst second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
xatio of descent is as follows. 

Suppose the body falls through a space equal to 16 feet the 

What 18 said concerning the motions of falting bodies ? How is this in- 
eieased velocity illustrated 7 Why is there any mora danger in jump' 
ftom the house top than from a chair 1 What number of fiMi does a f 
body pass through during thefint second ' 
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first second of time ; at the end of this space and time, it will 
have acquired such a degree of celerity as is sufficient to carry 
it throuffh twice this space during the next second, though it 
• should then receive no new impulse from the cause by wnich 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will carry the body 16 feet further ; on 
which account, it will have fallen in all four times 16 feet, or 
64 feet at the end of the second second^ and then it will have 
acquired such a degree of celerity as is suflicient to carry it 
through a double space in as much more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act. But this force 
still continuing to act in a uniform manner, it will again in* 
equal time produce an equal effect, and will therefore atkl 16 
feet to the velocity already acquired, at the end of the second 
second, which being 64 feet, it will fall 80 feet, or five times 
as far tha third second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, is equal to 6 
times 16 feet, to which, again, is to be added the accelerating 
force 16 feet, making 7 times 16 feet for the space passed 
through during the fourth second. 

Hence we learn that if a body moves at the rate of 16 feet 
during the first second, it will move 48 feet during the next 
second, making in all 64 feet at the end of the second second, 
5 times 16 dunng the third, or 80 feet, and 7 times 16, or 112 
feeU in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, we must know how many feet it 
fell during the first second. The velocity acquired in one 
second, and the space fallen through during that time, being 
the fundamental elements of the whole calculation, and all that 
are necessary for the computation of the various circumstances 
of falling bodies. 

The cafBculty of calculating exactly the velocity of a felling 
body from an actual measurement of its height, and the time 



How far does it ftdl during the next second ? How fiir daring the third % 
Suppose the aocejeratin^ force should cease at the befldnninff of the third se- 
cona ; how far would it fell during that second 1 Why does it fall more 
than this during that second 1 How many times 16 feet does a bod]^ mo^ra 
ID the* 4th second 1 What are the fhndHnMntai elemeiits by wlueh tliA 
velocity of a failing body may be computed 1 ^ 
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whiehit^akes to reach the ground, is bo great, that no accu' 
rate computation could be made from such fin expennient 

^ This difKculty has, however^ been overcome by a curious 
piece of machinery, invented for this purpose by Mr. Atwood. 

This machine consists of two 
upright posts of wood, fig. 5 with 
cross pieces, as shown in the fig 
ure. The weights A and JJ, art- 
of the same size, and made to ba- 
lance each other very exactly, 
and are connected by the thread 
which passes over the wheel C. 
P is a ring through which the 
weight A passes, and G is a sta^e 
on which the weight rests in its 
descent. The ring and stage 
both slide up and down* and are 
fixed at pleasure by thumb 
screws. The post H^ is a 
graduated scale, and the pendu- 
lum IT, is kept in motion by clock- 
work. Zf, is a small bar of me- 
tal, weighing a quarter of an 
^ounce, and longer than the di- 
ameter of the ring JP. 

When the machine is to be 
used, the weight A is drawn up to 
the top of the scale, and the ring 
and i^ge are placed a certain 
number of inches from each other. 
The small bar L, is then placed 
across the weight A^ by means of 

which it is made slowly to de» 

scend. When it has descended to the rings the small weight 
i,is taken off by the rinjf, and thus the two weights are left equal 
to each other. Now it must be observed, that the motion, 
and descent of the weight A is entirely cTwing to the gravi- 
tating force of the weight L, until it arrives at the rinff P, 
when the action of gravity is suspended, and the large weight 



J 



Ib the Tdodty of a felling bod j calculated fiom actual measuremeiit, or by 
a madunel Describe th» opexatioii of Mr. Atwood*s machine fof i ' 
ting the velodtiee of fikllhig l^|||k 



GRAVITY. 29 

continues to move downwards to the stage, in consequence of 
the velocity it had acquired previously to that time. 

To comprehend the accuracy of this machine, it must be 
understood that the velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, tliis being 
the case when no caiculation is made for the resistance of the 
air. Consequenilv, the weight of a quarter of an ounce placed • 
on the large weight ^4, is a represerf^ve of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it is the t/i- 
crease of velocity which the machine is designed to ascertain 
and not the actual velocity of falling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body falls, provided it 
follows the same laws as other descending- bodies, and it has 
already been stated, that all estimates on this subject are made 
from the known distance a body descends during the first se- 
cond of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much faster a body falls during the third, fourth, or fifth 
second, than it did during the nrst second, by knowing 
how far it fell during the first second, w<» should be able to 
estimate the distance it would fall during aU succeeding 
seconds. . ^• 

If, then, by means of a pendulum beating seconds, ^he 
weight A should be found to descend a certain number ot' 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de« 
scent would be precisely ascertained, and could be ea.sily ap- 
plied to the falling of other bodies ; and this is the use to which 
this instrument is applied. 

By this machine, it can also be ascertained, how much the 
actual velocity of ^ falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of gravity 
gives motion to the descending weignt only until it amves at 



After the small weight is taken off by ihe ring why does the large weight 
continue to descend "i Does this machine show the actual velocity of a tail- 
ing body, or only its increase 7 How does Mr. Atwood's machine show 
how much the celerity of a body depends upon grayi^, and how much on 
acqoired velocity 1 
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title rinff, after which the motion is continued by the relodty 
it had before acquired. 

From experiments accurately made with this machine, it has 
been fully established, that if the time of a falling body be di- 
vided into equal parts, say into seconds, the spaces through 
which it falls in each second, taken separately, will be as the 
odd numbers, 1, 3, 5, 7, 9, and so on, as already stated. To 
make this plain, suppos#!ie times occupied by the falling bodv 
to be 1, 2, 3, and 4 seconds ; then the spaces fallen through 
will be as the squares of these seconds, or times, viz. 1, 4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there- 
fore, during the second second, may be found, by taking 1, 
the distance corresponding to one second, from 4, the distance 
corresponding to 2 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the next second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so eontinually in that 
proportion. 

It will be readilv^-conceived, that solid bodies falling from 
great heights, Tnust ultimately acquire an amazing velocity 
by this^|n*oportion of increase. An ounce ball of lead, let 
felWlrom a certain height towards the earth, would thus 
^^i^'^quire a force ten or twenty times as great as when shot 
*^ out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fall 
to the sun in sixty-four days and ten hours, a distance of 
95,000,000 of miles. 
Every one knows by his own experience the dififerent 



Sappoee the times of a falling body are as the numbers 1, 2, 3, 4, what 
will be the numbers representing the spaces through which it falls 1 Suppose 
a body fails 16 feet the first second, how far will it fall the third second 1 
Would it be possible for a rifle ball to acquire agreater force by Ming, than 
if shot from a rifle? How long would it take the JMoon to come to the 
earth aocordins to the law of increased velocity 7 How long would it take 
tlMi earth to £u to the 8un1> 
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effects of the same body &Uing from a ffreat or a small 
heiffht A boy will toss up his leaden bullet and catch it 
wim his hand, but he soon learns, by its painful effects, not to 
throw it too high. The effects of hail-stones on window 
glass, animals, and vegetation, are oflen surprising, and 
sometimes calamitous illustrations of the velocity of falling 
bodies. 

It has been already stated that the velocities of solid bodies 
falling from a given height, towards the earth, are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theory, but there is a slight difference in 
this respect in favor of the velocity of the larger body, owing^ 
to the resistance of the atmosphere. We, however, shall, al 
present consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they pass without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in acting on a mass 
of matter acta on every particle it contains ; and thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matter the mass contains, and not in proportion to its 
bulk. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead will contain twelve particles of matter where the wood 
contains one, and consequently will be attracted with twelve 
times the' force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
tities of matter they contain, it follows that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled ; and if its quantity of matter were 
tripled, all bodies would weigh three times as much as they 
do at present. 

It follows also, that two attracting bodies, when free to 
move, must approach each other mutuaUy. If the two bodies 

What ^miliar illustrations are given of the force acquired by the veloci- 
ty of falling bodies 1 Will a smaU and a large body fall through the samei 
■pace in the same time 1 On what parts of a mass of matter does the force 
of gravity act? Is the effect of gravity in proi)ortu>n to bulk, or quantity of 
matter 1 Were the mass cf the eaith doubled, how much more should w« 
Mreigh than we do now 1 
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contain like quantities of matter, their approach will be eqnal 
ly rapid, and they will move equal distances towards each 
other. But if the one be small and the other large, the small 
one will approach the other with a rapidity proportioned to the 
less quantity of tbatter it contains. 

It is easy to conceive, that if a man in one boat pulls at a 
rope attached to another boat, the two boats, if of the same 
size, will move towards each other at the same rate ^ but if the 
one be larffe and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less velocity as its size is greater. 

A man in a boat pulling a rope attached to a ship, seems 
only to move the boat, but that he really moves the ship is cer- 
tain, when it is considered, that a thousand boats pulling in the 
same manner would make the ship meet them half way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, move them with dif- 
ferent velocities, and that these velocities are in an inverse pro^ 
portion to their quantities of matter. 

In respect to equal ^orccsj it is obvious that in the cape of 
the ship and single boat, they were moved to wards each other 
by the same force, that is, the force of a man pulling by a rope. 
The same principle holds in respect to attraction, for all bodies 
attract each other equally, according to the quantities of mat- 
ter they contain, and since all attraction is mutual, no body 
attracts another with a ^eater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, and the 
body would attract the earth with an equal force, otherwise 
their attraction would not be equal and mutual. Another body 
weighing 10 pounds, would be attracted with a force equal 
to IB pounds', and so of all bodies according to the quantity of 

Suppose one bodyiilovinv towards another, three times as large, by the 
force of gravity, what would be their proportional velocities 1 How is this 
illustrated 1 Does a large boily attract a small one with any more force than 
it is attracted 1 Suppose a body weighing 200 pounds to be placed at a dis- 
tance from the earth, with how much force does the eaxth attiact the body 1 
With whai force does the body attract the earth 1 
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matter they contain ; each body being attracted by the earth 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 100 
pounds, it is plain that the force on each vessel would be 60 
pounds ; for suppose each end of the rope to be throAvn over 
a pulley, and a weight of 50 pounds attached to these ends, it 
would take just 100 pounds in the middle of the rope to balance 
them. 

It is inferred from these principles, that all attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every body which is 
raised from its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its sur- 
fece. But the velocity of the earth being as many times less 
than that of the falling body as its mass is greater, it follows 
that its motion is not perceptible to us. 

The following calculation will show what an immense mass 
of matter it womd take, to disturb the earth's gravity in a per- 
ceptible manner. 

if a ball of earth equal in diameter to the tenth part of a mile, 
were pls^ced at the distance of the tenth part of a mile from the 
earth's surface, the attracting powers of the two bodies would 
be in the ratio of about 512 millions of millions to one. For 
the earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Consequent- 
ly if the tenth part of a mile were divided into 512 million of 
millions of equal parts, one of these parts would be nearly the 
space through which the earth would move towards the falling 
body. Now in the tenth part of a mile there arc about 6400 
inches, consequently this number must be divided into 512 mil- 
lions of millions of parts, which would give the eighty thou- 
sand millionth part of an inch through which the earth would 
move to meet a body of the tenth part of a mile in diameter. 

Suppose a man in one boat, pulls with the force of 100 pounds at a rope 
fastened to another boat, what would be the force on each boat 1 How is 
this innstrated 1 Suppose the body fells towards the earth, is the earth set 
in motbn by its attraction 1 Why is not the earth's motion towards it 
peioeiitib^ 1 What distance would a body, the tenth part of a mile in 
diameter, placed at the distance of a teuth part of a mile, attract the earth to* 
ifaidsit? 
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Ascent rf Bodies. 
Having now explained and illustrated the influence oi 
gravity on bodies moving downward and horizontally^ it 
remains to show how matter is influenced by the same power 
when bodies are moved upward, or contrary to the force of 
gravity. 

What has been stated in respect to the velocity of falling 
Fig- 6« bodies is exactly reversed in respect to those which are 
thrown upwards, for as the motion of a falling body 
is increased by the action of gravity, so is it retarded 
by the same force, when thrown upwards. 

A bullet shot upwards, every instant loses a part of 
its velocity, until having arrived at the highest point 
from whence it was thrown, it then returns again to the 
earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions are 
reversed. 

The same ratio is observed to whatever distance the 
ball is propelled, or as the height to which it is thrown 
may be estimated from the space it passes through dur- 
ing the first second, so its returning velocity is in a like 
ratio to the height to which it was sent. 

This will be understood by fig. 6. Suppose a ball 
to be propelled from the point fl, with a force which 
would carry it to the point b in the first second,^to cin 
the next, and to d in the third second. It would then 
remain nearly st.it ionary for an instant, and in return- 
ing, would pass through exactly the same spaces in the 
same times, only that its direction would be reversed 
Thus it will fall from d to c, in the first second, to b in 
the next, and to a in the third. 

Now the force of a moving body is as its velocity and 
its quantity of matter, and hence the same ball will fall 
with exactly 'the same force that it rises. . For instance, 
a ball shot out of a rifle, with a force sufiScient to over- 
come a certain impediment, on returning, would again 
overcome the same impediment 
^U 

What effect does the force of gravity have on bodies moving upward? Ato 
upward and downward motion governed by the same laws 1 Explain fig. 
6. What is the difference between the upward and returning velocity ofiSa 
same body 1 
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Fall of Idght Bodies^ 

U has been stated that the earth's attraction acts equally, 
on all bodies, containing equal quantities of matter, and that 
in vacuo, all bodies, whether large or small, descend from the 
same heights in the same times. 

There is, however, a great difference in the quantities of 
matter which bodies of the same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now, the fall of a body containing a large quantity of matter 
in a small bulk, meets with little comparative resistance, while 
the fall of another, containing the same quantity of matter, 
but of larger size, meets with more in comparison, for it is 
easy to see that two bodies of the same size meet with ex- 
actly the same actual resistance. Thus, if we let fall a ball 
of lead, and another pf cork, of two inches in diameter each, 
the lead will reach the ground before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
power of overcoming it. 

This, however, does not affect the truth of the general law 
already established, that the weights of bodies are as the 
quantities of matter they contain. It only shows that the 
pressure of the atmosphere prevents bulky and porous sub- 
stances from falling with the same velocity with such as axe 
compact or dense. 

Were the atmosphere removed, all bodies, whether light or 
heavy, large or small, would descend with the §ame velocity. 
This fact has been ascertained by experiment in the following 
manner: « 

The air pump is an instrument, by means of which the 
air can be pumped out of a close vessel, as will be seen under 
the article Pneumatics. . Taking this for granted at present, 
the experiment is made in the following manner : 



Why will not a sack of featheri and a stone of the same size fkll throagh 
the air 'in the same time 7 Does this affect the truth of the^neral law that 
the weighU of bodies are as their ouantities of matter 7 What would be 
the effect on the &11 of light and heavy bodies, were the atmosphere i». 
moved? 
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MOTION. 

On the plate of the air pump Jl, place the 
tall jar B^ which is open at the bottom, and 
has a brass cover fitted closely to the top* 
Through the cover let a tvire pass, air tight^ 
having a small cross at the lower end. On 
each side of this cross, place a little staffe, 
and 80 contrive them that by turning me 
wire by the handle C, these stages shall be 
upset. On one of the stages place a guinea 
or any other heavy body, ana on the other 
place a feather. When this is arranged, let 
the air be exhausted from the jar by the 
pump, and then turn the handle C, so that the 
guinea and feather may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant. 
Thus is it demonstrated, that were it not for 
the resistance of the atmosphere, a bag of 
feathers and one of ^ineas would fall from 
a given height with me same velocity and in 
the same time. 



Motion, 

Motion may be defined, a continued change of place with 
re^rd to a fixed point 

Without motion there would be no rising or setting of the 
sun — no change of seasons — no fall of ram — no building of 
houses, and finally no animal life. Nothing can be done with- 
out motion, and therefore without it, the whole universe would 
be at rest and dead. 

In the language of philosophy, the power which puts a body 
in motion, is called /prcc. Thus it is the force of gravity that 
overcomes the inertia of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi- 
nery, 4&C. 

For the sake of convenience, and accuracy in the applies* 
tion of ternv), motion is divided into two kinds, viz. absoli£t§ 
and relative. 

How is it proved that a feather and a guinea will fall throuffh equal 
spaces in the same time, where there is no resistance? How wifl yon d^ 
line motion 1 What would he the consequence, were sll motion to cease) 
What is that power called which pats a body in motionl How is motion 
dividedl . ' 
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Absolute motion is a change of place with regard to a fixed 
point, and is estimated without reference to the motion of any 
other body. When a man rides along the street, or when a 
vessel sails through the water, they are both in absolute 
motion. 

Relative motion, is a change of place in a body, with respect 
to another body, also in motion, and is estimated from that 
other body, exactly as absolute motion is, from a fixed point. 

The absolute velocity of the earth in its orbit from west to 
east, is 68,000 miles in an hoUr ; that of Mars, in the same di- 
rection, is 55,000 miles per hour. The earth's relative velocity 
in this case, is 13,000 miles per hour from west to east. That 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

Rest, in the common meaning of the term, is the opposite of 
motion, but it is obvious, that rest is often a relative term, since 
an object may be perfectly at rest with respect to some things, 
and in rapid motion in respect to others. Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and still be at rest 
with respect to the boat. And so, if another man was funning 
on the deck of the same boat at the rate of fifteen miles the 
hour in a contrary direction, he would be stationary in respect 
to a fixed point, and still be running with all his might, with 
respect to the boat 

Velocity of Motion^ 

Velocity is the rate of moticm at which a body moves from 
one place to another. 

Velocity is independent of the weight or ma^itude of the 
moving body. Thus a cannon ball and a musket ball, boUi 
flying at the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be uniform^ when the moving body pass- 
es over equal spaces in equal times. If a steam-boat moves at 
the rate of 10 miles every hour, her velocity is uniform. The 
revolution of the earth ftom west to east is a perpetual exam<> 
pie of uniform motion. 

What 18 absolute motiont What is nhOiTe mottal What is tfa0 
oath's relative velocitv in raspeet to Man 1 In ^Hiaft ranMOt i« a mail in a 
^ i1 Whali • • ^ 



steam-boat at rest, and in what TCfPMtdotilitBHfVMl What hiiPalodl^t 
When ia velocity nnifonnl ^'^ 



So MOMENTUM. 

Velocity is accelerated, when the rate of motion is constant- 
ly increased, and the moving hody passes through unequal 
spaces in equal times. Thus, when a falling hody moves six* 
teen feet during the first second, and forty-eight feet during 
the next second, and so on, its velocity is accelerated. A body 
falling from a height freely through the air, is the most perfect 
example of this kind of velocity. 

Retarded velocity, is when the rate of motion of the body is 
constantly decreased, and it is made to move slower and slow- 
er. A ball thrown upwards into the air, has its velocity con- 
stantly retarded by the attraction of gravitation, and conse- 
quently, it moves slower every moment. 

Force, or Momentum of Movijig Bodiea 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force with which bo- 
dies, moving at the same rate, overcome impediments, is in 
proportion to the quantity of matter they contain. This pow> 
er, or force, is called the momentum of the moving body. 

Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equal. 

Two vessels, each of a hundred tons, sailing at the rate of 
six miles an hour, would overcome the same impediments, or 
be stopped by the same obstructions. Their momenta woula 
therefore be the same. 

• The force, or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, may have less momentum than 
a small one moving rapidly. Thus, a bullet, shot out of a gun, 
moves with much greater -force than a stone thrown by the 
hand. The momentum of a body is found by multiplying its 
quantity of matter by its velocity. 

Thus, if the velocity be 2, and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body 4, 
the momentum will be 24. 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are 
equaL Thus, if a boy tlirow his ball against tne side of the 

When is velocity accelerated 1 Give illastrations of these two kinds of 
velocity. What is meant by retarded velocity'? Give an example of retard- 
ed velocity. What is meant by the momentum of a body % When will the 
momenta of two bodies be equal 1 Give an example. When has a small 
body more momentum than a large one 1 By what rule b the momeniimi 
ef a body found 1 
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home, with the force of 3, the house recasts it with an eqaal 
force, and tlie ball rebounds. If he throws it against a pane 
of glass with the same force, the glass having only the power 
of 2 to resist, the ball will go through tlie glass, still retaining 
one third of its force. 

From observations made on the effects of bodies striking 
each other, it is found that action and re-action are equal ; or, 
in other words, that force and resistance are equal. Thus, 
when a moving body strikes one that is at rest, the body at rest 
returns ike blow with equal force. 

This is illustrated by the well known fact, that if two per- 
sons strike their heads together, one being in motion, and the 
other at rest, they are botn equally hurt. 

The philosophy of action and re-action is finely illustrated 
by a number of ivory balls, suspended by threads, as in fig. 
Fig. 10. 10, so as to touch each other, if 

the ball a be drawn from the per- 
pendicular, and then let fall, so 
as to strike the one next to it, the 
motion of the falling ball will be 
communicated through the whole 
series, from one to the other. 
None of the balls, except /, w^J 
however, appear to move. ThiS 
will be understood, when we con- 
sider that the re-action of 6, is 
just equal to the action of a, and 
that each of the other balls, in like 
manner, acts, and re-acts, on the 
other, until the motion of a arrives 
at /, which, having no impedi- 
ment, or nothing tj act upon, is 
itself put in motion. It is, therefore, re-action, which causes 
all the balls, except/, to remain at rest. 

It is by a modification of the same principle, that rockets 
are impelled through the air. The stream of expanded air, or 
the fire which is emitted from the lower end of tne rocket, not 
only propels against the rocket itself, but against the atmo- 
spheric air, which, re-acting against the air so expanded^ sends 
the rocket along. 

When a moving body strikes an impediment, which receives the greatest 
shock 1 What is the law of action and re-action 1 How b this illustrated 7 
When one of the ivory balls strikes the other, why does the most distant 
ftoe only move 1 On what principle are rockets impelled through the air 7 
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It was on account of not understanding the principles of ac< 
lion and re-action, that the man undertooK to make a fair wind 
for his pleasure boat to be used whenever he wished to sail. 
He fixed an immense bellows in the stern of his boat, net 
doubting but the wind from it would carry him along. Bm 
on making the experiment, he found that his boat went back- 
wards, instead of forwards. The reason is plain. The re 
action of tiie atmoppliore on the stream of wind from the bel 
lows, before it reached the sail, moved the boat in a contrary 
direction. Had the sails received the whole force of the wind 
from the bellows, the boat would not have moved at all, for 
then, action and re-action would have been exactly equal, and 
it would have been like a man's attempting to raise himself 
over a fence by the straps of his boots. 

Reflected Motion. 

It has been stated that all bodies when once set in motion, 
would continue to move straight forward, until some impedi- 
ment, acting in a contrary direction, should bring them to rest ; 
continued motion without impediment being a consequence of 
the inertia of matter. 

Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right, nor left, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitation, and by which, together with the resistance of the at- 
mosphere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some, 
force, independent of gravity. 

A single force, or impulse, sends the bodv directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

If, for instance, two moving bodies strike each other ob- 
liquely, they will both be thrown out of the line of their for- 
mer direction. This is called reflected motion, because, it 
observes the same laws as reflected, light. 

* ■ ' ■ '* I. ■ II !■ | l ■ 

In the experiment with the boat and bellows, why did the boat move 
backwards 1 Why would it not have moved at all, had the sail received all 
the wind from the bellows? Suppose a body is acted on, and set in motion bv 
a single force, in what direction will it move *? What is the motion callecl^ 
when a body is tamed out oif a' straight line by another force 1 
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The bounding of a ball; the skipping of a stone over the 
smooth surface of a pond ; and tne oblique direction of an 
apple, when it touches a limb in its fall, are examples of re- 
flected motion. 

By experiments on this kind of motion, it is found, that 
moving bodies observe certain- laws, in respect to the direc- 
tion they take in rebounding from any impediment they hap- 
pen to strike. Thus, a ball, striking on the floor, or wall of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it. 

Fig. 11. Suppose a, 6,fiff. 11, 

to be a marble slab, or 
floor, and c to be an 
ivory ball, which has 
been thrown towards the 
floor in the direction of 
the line c, e; it will re- 
bound in the direction 
of the line e, <f, thus making the two angles / and §• exactly 
equal. 

If the ball approached the floor under a larger or smaller 
angle, its rebound would observe the same rule. Thus, if it 
Fig. 12. fell in the line h h fig. 

12, its rebound would be 
^ in the line k t, and if it 
was dropped perpendi- 
cularly from I to ky it 
would return in the 
same line to Z. The an- 
gle which the ball makes 
with the perpendicular 
I kj in its approach to 
the floor is called the 
angle of incidence, and that which it makes in departing from 
the floor in the same line, is called the angle of reflection^ and 
these angles are always equal to each other. 

What illastrations can you give of reflected motion "i What laws are ob* 
■erved in reflected motion 1 Suppose a ball to be thrown on the floor in 
a certain direction, what rule will it observe in rebounding 1 What is the 
angle called, which the ball makes in approachiuff the floor 1 What is the 
angle called, which it makes in leaving the floorl What is the difleienoe 
between these angles 1 




42 



COMPOUND MOTION. 




Compound Motion. 
Compound m(^n is that motion, which is produced by two 
or more forces, acting in different directions^ on the same 
body, at the same time. This will be readily understood by a 
diagram. 

d Pig. 13. Suppose the ball a, fig. 13, 

to be moving with a certain 
velocity in the line b c, and 
suppose that at the instant 
when it came to the point a, 
it should be struck with an 
equal force in the direction 
of d e, as it cannot obey 
the direction of both these 
forces, it will take a course 
between them, and fly off in 
the direction of/. 

The reason of this is plain. 
The first force would carry 
the ball from b to c; the second would carry it from d to 
e« and fhese two forces being equal, gives it a direction 
just half way between the two, and therefore it is sent to- 
wards /. 

The line a /, is called the diagonal of the square, and re- 
sults from the cross forces, b and d being equal to each other. 
If one of the moving forces is greater than the other, then the 
diagonal line will be lengthened i;ri the direction of the greater 
force, and instead of being the diagonal of a square, it will 
become (he diagonal of a parallelogram, or oblong square. 

Suppose the force in the 
direction of a b, should 
drive tlie ball with twice the 
velocity of the cross force 
a d, fig. 14, then the ball 
would go twice as far from 
the line c d, as from the line 
b a, and e /would be the 
diagonal of a parallelop-am 
whose length is dpuble its 
breadth. 

What is compound motion? Suppose a ball, moving with a certain 
force, to be strack crosswise, with the same force, in what direction will it 
move 1 Suppose it to be strack with half its Ibrmer f(»ce, in what direction 
will it movel 



Fig. 14. 



^^ L 
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Suppose a boat in crossing a river, is rowed forward at the 
rate of four miles an hour, and the current of the river is at 
the same rate, then the two cross forces will be equal, and the 
line of the boat will be the diagonal of a square, as in fig. 13. 
But if the current be four miles an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down stream twice as fast as she goes across the river, and 
her path will be the diagonal of a parallelogram, as in fig. 14, 
and therefore to make the boat pass directly across the stream, 
it must be rowed towards some point higher up the stream 
than the landing place ; a fact well known to boatmen. 
Circular Motion. 
Circular motion, is the motion of a body in a ring, or circle, 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to fly off in a straight line, 
while by the other it is drawn towards the centre, and thus it 
it made to revolve, or move round in a circle. 

The force by which a body tends to go oflTin a straight line 
is called the centrifugal force ; that which keeps it from fly- 
ing away, and draws it towards the centre, is called the cew- 
trtvetal force. 

Bodies moving in circles are constantly acted upon by these 
two forces. If tne centrifugal force should cease, tlie moving - 
body would no longer perform a circle, but would directly ap- 
proach the centre of ift own motion. If the centripetal force 
should cease, the body would instantly begin to move off in a 
straight line, this being, as we have explained, the direction 
which all bodies take when acted on by a single force, 

FJg. 15. This will be obvious by fig. 

15. Suppose a to be a cannon 
ball, tied with a string to the 
centre of a slab of smooth mar- 
ble, and suppose an attempt 
be made to push this ball with 
^the hand in the direction of h ; 
it is obvious that the string 
would prevent its going to that 
point ; but would keep it in the 
circle. In this case, the string 
is the centripetal force. 

What is the line A F, fig. 13, called 1 What is the Une E F, fig. 14, 
called 1 How are there toires illustrated? What is circular motion'} 
Sow is this motion produced 1 What is the centrifueal force 1 
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Now suppose the ball to be kept revolvinc with rapidity, 
its velocity and weight will occasion its centrifugal force ; and 
if the string were cut, when the ball was at the point e. 
for instance, this force would carry it off in the line to 
wards h. 

The greater the Telocity with which a body moves round 
in a circle, the greater will be the force with which it will fly 
off in a right line. 

Thus, when one wishes to sling a stone to the greatest dis* 
tance, he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go. "Before the invention of other 
warlike instruments, soldiers threw stones in this manner with 
great force, and dreadful effects. 

The line about which a body revolves, is called its axis oj 
motion. The point round which it turns, or on which it rests, 
is called the centre of motion. In fig. 15, the point d, to 
which the string is fixed, is the centre of motion. In the 
spinning top, a line through the centre of the handle to the 
point on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the great- 
est distance from the axis of motion, has the greatest velocity, 
and consequently, the greatest centrifugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

revolve a certain number of times 
in a minute, the velocity of the 
end of the arm, at. the point a, 
would be as much greater than its 
middle at the point h, as its dis- 
tance is greater from the axis of 
motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

Large wheels, which are designed to turn with great velo- 
city, must, therefore, be made with corresponding strength. 

What is the centripetal forced Suppose the centrifugal force should 
cease, in what direction would the body move 1 Suppose the centripetal 
force should cease, where would the body gol Explain lig. 15. What 
constitutes the centrifugal force of a body moving round in a circle 1 How 
is this illustrated 1 What is the axis of motion 1 What is the centre of 
motion 1 Give illustrations. What part of a revolving wheel has the great- 
est centrifugal force 1 Why *) 
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AiBerwise the centrifugal force will overcome the cohesive at- 
traction, or the strength of the fastenings, in which case the 
wheel will fly in pieces. This sometimes happens to the large 
grindstones used in gun-factories, and the stone either flies 
away piece-meal, or breaks in the middle, to the great danger 
of the workmen. 

Were the diurnal velocity of the earth about seventeen* 
times greater than it is, those parts at the greatest distance 
from its^ axis, would begin to fly ofl" in- straight lines, as the 
water does from a grindstone, when it is turned rapidly. 

Centre of Gravity, \., "' 

The centre of gravity, in any body or system of bodies, is 
that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

The centre of gravity, in a wheel made entirely of wood, 
and of equal thickness, would be exactly in the middle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the other part of wood, its centre of 
gravity would be changed to some point, aside from the centre 
of the wheeL 

Fig. 17. Thus, the centre of gravity in the 

wooden wheel, fig. 17, would be at 
the axis on which it turns ; but were 
the arm a, of iron, its centre of mo- 
tion arid of gravity would no longer 
1 be the same, but while the centre of 
I motion remained as ' before, the cen- 
tre of gravity would fall to the point 
a. Thus the centre of motion and 
of gravity, though often at the same 
point, are not always so. 
When the body is shaped irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling. 

Fig. 18. If the two balls a and 5, fig, 18, • 

Weigh each four pounds, the centre of 
gravity will be a point on the bar equal- 
ly distant from each. 

Why must large wheels, turning with great velocity, be strongly made 7 
What would be the consequence, were the velocity of the earth 17 times 
greater than it is 1 Where is the centre of gravity in a body 1 Where is 
the centre of gravity in a wheel, made of wood 1 Tf one side '& made of 
wood, and the other of iron, where is this centre 1 Is the centre of motion 
and of gravity always the same 1 
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^* 19* But if one of the balls be heavier than 

the other, then the centre of gravity will, 
i in proportion, approach the larger ball 
/ Tmis in ^g. 19, if c weighs two pounds 
and d eight pounds, the centre of grav- 
ity will be four times the distance from 
c that it is from d. 

In a body of equal thickness, as a board, or a slab of mar- 
ble, but otherwise of an irregular shape, the centre of gravity 
may be found by suspending it, first from one point, and then 
from another, and marking by means of a plumb line the per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be the point where these two lines cross each other. 
Thus, if the irregular shaped piece of board, fig. 20, be 



Fig. 20. 



Fig. 21. 




Fig. 22. 



suspended by 

making a hole 

V*^**-**.,..^^ through it at 

\ 'X thepomta,and 

\ r-^^^ *^ ^^ same 

V^ \ point sus})end- 

\ y^vc^g the plumb 

V^ line c, both 

board and line 

will hang in 

the position represented in the figiwe. Having marked this 
line across the board, let it be suspended again in the position 
of fig. 21, and the perpendicular line again marked. The 
point where these fines cross each other, is the centre of gravi- 
ty, as seen by fig. 22. 

It is often of great consequence, in the concerns of life, 
that the subject of gravity should be well considered, since 
the strengtH of buildings, and of machinery, often depends 
chiefly on the gravitating point. 

Common experience teaches, that a tall object, with a nar- 
row base, or foundation, is easily overturned ; but common 
experience does not teach the reason, for it is only by under- 
standing principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of gravity falls 
beyond its base. A tall chimney, therefore, with a narrow 



When two bodies are connected, as by a bar between them, where is th^ 
eentre of gravity 7 In a boazd of irregular shape, by what method is the ccd 



ntre of gravity 7 In 
5 of gravity found ^ 
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foundation, such as are commonty built at the present day, 
will fall with a very slight inclination. 

Now in falling, the centre of gravity passes through the part 
of a circle, the centre of which is at the extremity of the base 
on which the body stands. This will be comprehended by 
Gg. 23. 

Fig. 23. Suppose the figure to be a block of 

marble, which is to be turned over, by 
lifting at the corner a, the corner d would 
be the centre of its motion, or the point 
on which it would turn. The centre of 
gravity, c, would, therefore, describe the 
part of a circle, of which the corner, d, is 
the centre. 

It will be obvious, after a little consideration, that, the 
greatest difficulty we should find in turning over a square 
Block of marble, would be, in first raising up the centre of 
gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
corner d^ which, having passed, it will fall by its own gravity. 
The difficulty of turning over a body of a particular form, 
will be more strikingly illustrated by me figure of a triangle, 
or low pyramid. 

Fig. 24. Ij^ ^„ 24, the centre of gravity is so 

low, and the base so broad, that in tuming 
-it over, a great proportion of its whole 
• weight must be raised. Hence we see the 
firniness of the pyramid in theory, and ex- 
perience proves its truth ; for buildings are 
found to withstand the cfifects of time, and 
(he commotions of earthquakes, in proportion as they approach 
this figure. 

The most ancient monuments of the art of building, now 
standing, the pjrramids of Egypt, are of this form. 

When a ball is rolled on a horizontal plane, the centre o 
gravity is not raisech, but moves in a straight line parallel to 

In what direction must the centre of ffravity be from th« outside of the 
base, before the object will fail ? In &IUng, the centre of gravity passes 
dirough part of a circle ; where is the centre of this circle! In turning ovei 
a body, way does the force required constantly become less and less 1 Why 
is there less force required to overturn a cul)e, or square, than a pyramid oi 
the same weight 1 When a ball is rolled oh a horizontal plane, in what d*» 
cection does the centre of gravity move t 
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the surface of the plane on which it rolls, and is consequently 
always directly over its centre of motion. 

Suppose, fi^. 26, a is the plane on 
which the ball moves, b the line on 
which the centre of parity moves, 
.J and c a plumb line, showing that the 
centre of gravity must always be ex- 
actly over the centre of motion, when 
the ball moves on a horizontal plane 
— then we shall see the reason why a 
ball moving on such a plane, will rest 
with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the 
centre of gravity describe a^ horizontal line over that of mo- 
tion, in whatever direction the body is moved, 

*^' *'' ' If the plane is inclined downwards, 

the ball is instantly thrown into motion 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

This is explained bv fig. 26, where 
a is the point on which the ball rests, 
or the centre of motion, c the perpen- 
dicular line from the centre of gravity 
as shown by the plumb weight c. 

If the plane is inclined upward, force 
is required to move ihe ball in that di- 
rection, because the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity has to be con- 
stantly lifted. This is also shown by fig. 26, on y consider- 
ing the ball to be moving up the inclined plane', instead of 
down it. 

From these principles, it will be readily understocid, why 

so much force is required to roll a heavy body, as a hogshead 

of sugar, for instance, up an inclined plane, yihe centre of 

'.gratity falling behind that of motion, the weignt is constantly 

acting against the force employed to raise the b<»dy. 




Exi4«mfig.5K». 
in all pOBitaoof 1 , ' 
cfineddown "^ 




does a ball on a horizontal plane rest equally weD 
— it move with litUe force 1 If thephne is in> 

the bail loU in that direction 1 WhyisfoiM 

tneliiiedplane? 
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Fig. 28. 



Kf. 27. From what has been stated, it will be under- 

stood, that the danger that a body will fall, is in 
proportion to the narrowness of its base, com- 
pared with the height of tlie centre of gravity 
above the base. 

Thus a tall body, shaped iikn fig. 27, will 
fall, if it leans but very slightly, for the centre 
of gravity being far above the liase, at a, is 
brought over the centre of motion, 6, with lit 
tie inclination, as shown by the plumb line. 
Where»«i a body shaped like fig. 28, will not 
fall, until it leans much more, as again shown 
by the direction of the plumb line. 

We may learn from these comparisons, that 
it is more dangerous to ride in a nigh carriage 
than in a low one, in proportion to the elevation 
of the vehicle, and the nearness of the wheels 
to each other, or in proportion to the narrow- 
ness of the base, and the height of the centre of 
gravity. A load of hay upsets where the road 
raises one wheel but little hiffher than the other, 
because it is high, and broader on the top than 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centre of gravity 
is near the earth, and its weight between the wheels, mstead 
of being far above them. 

In man the centre of gravity is between the hips, and hence, 
were his feet tied together, and his arms tied to his sides, a 
very slight iiiclination of his body would carry the perpendi- 
cular of lAs centre of gravity beyond the base, and he would 
fall. But whe«n his limbs are free to move, he widens his 
base, and changes tJie centre of gravity at pleasure, by throw- 
ing out his arms, as circumstances require. 

when a man runs, he inclines forward, so that the centre 
of gravity may hang before his base, and in this position, he is 
obliged to keep his feet constantly advancing, otherwise he 
would fall forward. 




What is the danger that a body will fall proportioned to 1 Why is a bo- 
dy, shaped like fi^. 27, more easily thrown down, than one shafje^ like fig^ 
f& 1 Hence, in riding in a carriage, how is the danger of u (melting propor- 
. tioned 1 Where is the centre of a man's gravity 1 Why will a man fall wit|^ 
a alight inclioation, when his feet and arms are tied 1 

5 
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A nma standing on one foot, cannot throw his bodv forward 
wUhout at the same time throwing his other foot backward, In 
order to keep his centre of gravity within the base. 

A man, therefore, standing with his heels against a perpen- 
dicular wall, cannot stoop forward without falling, because the 
wall presents his throwing any part of his body backward. 
A person, little versed in such things, agreed to pay a certain 
sum of money for an opportunity of possessing himself of dou- 
ble the sum, by taking it from the floor with his heels against 
the walL The man, of course, lost his money, for in such a 
posture, one can hardly reach lower than his own knee. 

The base, on which a man is supported, in walking or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is made broader, without taking much 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those 
who turn them inward. 

In consequence of the upright position of man, he is con- 
stantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learn to walk with 
so much difficulty, for after they have strength to stand, it re- 
quires considerable experience, so to balance the body, as to 
set one foot before the other without falling. 

By experience in 4he art of balancing, or of keeping the 
centre of gravity in a line over the base, men sometimes per- 
form things, that, at first sight, appear altoffether beyond hu- 
man power, such as dining with the table and chair standing on 
a single rope, dancin^r cm a wire, &c 

No form under which matter exists, escapes the general 
law of g^vity, and hence vegetables, as well as animals are 
formed with reference to the position of this centre, in respect 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactly the tall trees of the forest conform to this 
law. 

The pine, which grows a hundred feet high, shoots up with 
as much exactness, with respect to keeping its centre of gra* 
vity within the base, as though it had been directed by the 

Why cannot one ^o stands wi,th his heels against a wall stoop Ibrwaxd t 
Why does a persop walk most firmly, who turns his toes outwara 1 Why 
dam nol a dmd walk as soon atf he can stand 1 h^ what does the art of faa* 
luidng, or wafldng on a rope, consist 1 Whai is observed in the growth of 
Iki tews of the forast, lib RfTecA to the UwB of gravis ? 
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plumb ]ine of a master builder. Its limbs towards the top are 
sent off in conformity to the same law ; each one growing in 
respect to the other, so as to preserve a due balance be- 
tween the whole. 

It may be observed, also, that where many trees gprow near 
each other, as in thick forests, and consequently where die 
wind can have but little effect on each, that tJliey always grow 
taller than when standing alone on the plain. The roots of 
such trees are also smaller, and do not strike so deep as those 
of trees standing alone. A tall pine, in the midst of the for- 
est, would be thrown to the ground by the first blast of wind» 
were air those around it cut away. 

Thus, the trees of the forest, not only grow so as to pre- 
serve their centres of gravity ; but actually conform, in a cer- 
tain sense, to their situation. 

Centre of Inertia, 

It will be remembered that inertia is one of the inherent, or 
essential proper'ies of matter, and that it is in consequence of 
this property, when bodies are at rest, that they never move 
without the application of force, and when once in motion, that 
they never cease moving without some external cause. 

Now inertia, though, like gravity, it resides equally in every 
particle of matter, must have, like gravity, a centre in each 
particular body, and this centre is the same with tliat of gra- 
vity. 

In a bar of iron, six feet long, and two inches square, the 
centre of gravity is just three feet from each end, or exactly in 
the middle. If, therefore, the bar is supported at this point, 
it will balance equally, and because there arc equal weights 
on both ends, it will not fall. This, therefore, is the centre (•< 
gravity. 

Now suppose the bar should be raised by raising up the cei 
tre of gravity, then the hiertia of all its parts would be ove 
come equally with that of the middle. The centre of gravis v 
is, therefore, the centre of inertia. 

The centre of inertia, being that point, which, beinff lifted, 
the whole body is raised, is not, therefore, always at tne cen- 
tre of the body. 

What effect does inertia have on bodies at rest 1 What effect does it hav« 
on bodies in motion 1 Is the centre of inertia, and that of gravity, the same 1 
Where is the centre of inertia in a body, or a system of boJie&'{ 
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Fig. 99. 
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Thus,' suppose the same bar of iron, 
whose fnertia was overcome by raising 
the centre, to have balls of difTerent 
weights attached to its ends ; then the 
centre of inertia would no longer re- 
main in the middle of the bar, but would be changed to the 
point <z, fig. 29, so that to lift the whole, this point must be 
raised, instead of the middle, as before. 

Equilibrium. 
When two forces counteract, or balance each other, tSey 
are said to be in eqviUbrium, 

It is not necessary for this purpose, that the weights oppos- 
ed to each other should be equally heavy, for we have just seen 
that a small weight placed at a' distance from the centre of 
inertia, will balance a large one placed near it. To produce 
equilibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should h** equal. 

A pair of scales are in equilibrium, when the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the centre of inertia, or gravity. 

Fig. 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia. The 
plumb line d, cuts the bar connect- 
ing the two balls at this point. 
Were the two weights in this figure 
equal, it is evident that the hook, or 
point of support, must be in the mid- 
dle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himself in 
equilibrium, by leaning to the right, so as to bring his centre 
of gravity in a perpendicular line over the foot on which he 
stands. 




Why iR the point of inertia chancel, by fixing different weights to th« 
ends of the iron bar ? What is meant by efiuilibriiitn 1 To produce tHjm 
librium, must the weights lie equal'' When is a pair of scales in equili!»rium 
When a khly is 8U3)>ended by a iitring, where must the support be with n 
ipect to the [loint of inertia 1 
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/ / i Curvilinear^ or bent MaHan, 

We have seen that a single force acting on a body, drive f it 
straight forward, and that two forces acdng crosswise, drireit 
midway between the two, or give it a diagonal direction. 

Carvilinear motion differs from both these, the direction of 
the body being neither straight forward, nor diagonal, but 
through a line which is curved. 

This kind of motion may be in any direction, but whefi it 
is produced in part by gravity, its dkection is always towards 
the earth. 

A stream of water from an aperture in the side of a vessel, 
as it falls towards the ground, is an example of a curved line, 
and a body passing through such a line, is said to have cunrili- 
near motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line. 

It is the action of gravity across the course of the stream, 
or tlie path of the ball, that bends it do^vnwards, and makes it 
form a curve. This motion is therefore the result of two foi^ 
ces, that of projection, and that of gravity. 
" The shape of the cin^e, will depend on the velocity of the 
stream or ball. When the pressure of the water is great, the 
stream, near the vessel, is nearly horizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest 



Fig. 3U 




The curves prescribed by jets of 
water, under different degrees of pres- 
sure, are readily illustrated by tapping 
a tall vessel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as from the lower orifice, 
the stream reaches the ground at the 
greatest distance from the vessel, this 
distance decreasing, as the pressure 



What ii» meant by curviHnear motion '? What are examples of thk kind 
of motionl What two fbroes produce this motion'} On what does the 
diape of the curve depend 1 How ue the curves described by jets of water 
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becomes less towards the top of the vessel. The action oi 
gravity being always the same, the shape of the curve de- 
scribed, as just stated, must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown nQrizontally, will reach the ground 
from the same height in the same time. 

This, at firbt thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were fired from the same spot, at the same in- 
stant, and in the same direction, one of tlie balls falling halt 
a mile, and the other a mile distant, that the ball which went 
to the greatest distance, would take the most time in perform- 
ing its journey. 

Dui It must be remembered that the projectile force does 
not in tlie least interfere with the force of gravity. A baH 
flying horizontally at the rate of a thousand feet per second, 
is attracted downwards with precisely the same force as one, 
flyinff only a hundred feet per second, and must therefore de 
scend the same distance in the same time. 

The distance to which a ball will go, depends on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance will be 
short — if more rapidly, the space passed over will be greater. 
It makes no difference, then, in re9j)ect to the descent of the 
ball, whether its projectile motion be fast, or slow, or whether 
it moves forward at all. 

This is <lemonstrated by experiment Suppose a cannon to 
be loaded with a ball, and placed on the top of a tower, at such 
a height from the ground, that it would take just three seconds 
for a cannon ball to descend from it to the ground, if let fall 
perpendicularly. Now suppose the cannon to be fired in an 
exact horizontal direction, and at the same instant, the ball to 
be dropped towards the ground. They will both reach the 
ground at the same instant, provided its surface be a horizon- 
tal plane from Che foot of the tower to the place where the 
projected ball strikes. 

What iliffercjice is there in rrspetl to the time taken by a body to reach 
the ground, whether the curve be grreat or amall ] Why do bodies forminff 
different curves from the same height, reach the ground at the same time 1 
Suppose two bfJIs, one flying at the rate of a thousand, and the other at the 
rate of a hundred feet per second, whi^h would descend most durin<r the se- 
(M)nd 1 Dn(<s it make any .difference in respect to the descsent of the balL 
whether it has a projectile motion or not 1 Suppose, then, one ball be fired 
from a cannon, antl another let fall from the same height at the 8 ' " 
vouki they both reach the ground at the same time T 
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This will be made plain by fig. 32, where a is the perpen- 
dicular line of the descending hall, c h the curvilinear patn o( 
tliat projected from the cannon, and J, the horizontal line 
from the foot of the tower. 

Fig. 33. 




The reason why the two balls will reach the ground at tlie 
same time, is easily comprehended. 

During the first second, suppose that the baU which is 
dropped, reaches I; during tlie next second it fulls to 2, and 
at the end of the third second it strikes the ground* Mean- 
time, the ball shot from the cannon is projected forward with 
such velocity as to reach 4 in the same time that the other 
is falling to I. But the projected ball falls downward exactly 
as fast as the other, for it meets the line 1, 4, which is parallel 
to the horizon at the same instant. During the next second* 
the projected ball reaches 5, while the other arrives at 2; 
and liere again they have both descended through the same 
downward space, as is seen by the line 2, 5, which is parallel 
with the other. During the third second, the ball from the 
cannon will have nearly spent its projectile force, and there- 
fore, its motion downward will be greater, while its motion 
forward will be less than before. The reason of this will 
be obvious, when it is considered, that in respect to gravity, 
both balls follow exactly the same law, and fall throuffh equal 
spaces in equal times. Therefore as the falling ball descends 
through the greatest space during the last second, so that 
from the cannon, having now a less projectile motion, its down- 
ward motion is more direct, and, like all falling bodies, its velo- 
city is increased as it approaches the earth. 

Explain fig. 32, showirug; the reason whv the two halis will reach tha 
groand at the same time. Why does the ball approach the earth moi» 
rapid]/ in the last part of the curve, than in the first part ? 
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From these principles it may be inferred, that the hori- 
zontal motion of a body through the air, does not in the least 
interfere %vith its gravitating motion towards the earth, and 
therefore that a rifle ball, or any other body projected forward 
horizontally, will reach the ground in exactly the same period of 
time, as one that is let fall perpendicularly from the same height. 
The two forces acting on bodies which fall through curved 
lines, are the same as the centrifugal and centripetal forces, al- 
ready explained ; the centrifugal, in case of the ball, being caused 
by the powder — the centripetal, being the action of gravity. 

Now, it is obvious, that the space through which a cannon 
ball, or any other body, can be thrown, depends on the velocity 
with which it is projected, for the attraction of gravitation 
and the resistance of the air acting perpetually, the time which 
a projectile can be kept in motion, through the air, is only a 
few moments. 

If, however, the projectile be thrown from an elevated situ 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Every one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz from the distance of five miles. Perhaps, 
then, from a high mountain, a cannon ball might be thrown to 
the distance of six or seven miles. 

Suppose the circle, fig. 
33, to be the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere* or 
is fifty miles hign, then a 
eannon ball might perhaps 
reach from a to 6, a dis- 
tance of eighty or a hun- 
dred miles, because the 
resistance of the atmo- 
sphere being out of the 
calculation, it would have 
nothing to contend with, 
except the attraction ^\ 

"Wliat 18 the fince caSed which throws a ball forward 1 / #•■ 





RESULTANT MOTIOIC. 67 

graritation. If, theh, one degree of force, or Telocity, would 
send it to 6, another would send ii to c : and if the force was 
increased three times, it would fall at d, and if four times, >t 
would pass t(» e. If now we suppose the force to be about ten 
times greater than that with which a cannon hall is projected, 
it would not fall to the earth at any of these points, but would 
continue its motion, until it again came to the point a, the 
place from which it was first projected. It would now be in 
equilibrium, the centrifugal force being just equal to that of 
gravity, and therefore it would perform another, and another 
revolution, and so continue to revolve around the earth per- 
petually. 

The reason why the force of gravity will not ultimately 
bring it to the earth, is, that during the first revolution, the 
effect of this force is just equal to that exerted in any other 
revolution, but neither more nor less ; and, therefore, if the 
centrifugal force was suflicient to overcome this attraction du- 
ring one revolution, it would also overcome it during the next. 
It is supposed, also, that nothing tends to afiect the projectile 
force except that of gravity, and the force of this attraction 
would be no greater during any other revolution, than during 
the first. 

In other words, the centrifugal and centripetal forces are 
supposed to be exactly equal, and to mutually balance each 
other ; in which case, the ball would be, as it were, suspended 
between tliem. As long, therefore, as these two forces con- 
tinued to act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these two forces which retain the heavenly bodies in 
their orbits, and in the case we have supposed, our cannon 
ball would become a little satellite, moving perpetually round 
eartk. 
^>a Resultant Motion, 

»pose two men to be sailing in two boats, each at the 
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"What 13 that called, which brings it to the ground T On wTiat does the 

£stancc to which a [irojectcd Uxly may Iw thrown depend 1 Why docs the 

distance depend u\x}i\ the velocity 7 Explain fl^. 33. Supix)6e the velocity 

of a cannon hail hIioI from a mountain 50 :mles high, to l)e ten times its usua* 

rate, where would it fit/op ] When ^ould this ball l)e in e<]uilibrium 1 Why 

f r would not the fv)rce r f gravity ultimately bring the ball to the earth 1 After 

^-. the finit revolution, if the two forces condiiu^ the samCi would nut the iMh 

• ' Iba of the ball be perpetual 1 
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rate of four miles an hour, at a short distance opposite U* 
other, and suppose as ihey are sailing along in this manner 
one cf the men throws the other an apple. In respect to the 
boats, the apple would pass directly across, 1 -oin one to the 
other, that?s, its line of direction would he p«.rpendicular to 
the sides of the hoats. But its actual line through the air, 
would be oblique, or diagonal, in respect to the sides of the 
boats, because hi passing from boat to boat, it is impelled by 
two forces, viz. the force of the motion of the boat forward, 
and the force by which it is thrown by the hand across this 
motion. 

This diagonal motion of the apple is called the resultant^ 
or the resulting motion, because .it is the effect, or result, of 
twa motions, resolved into one. Perhaps this will be more 
Fig. 34. clear by fig. 34, where a b, and "<? 
d, are supposed to be the Mea 
of the two boats, and the line c /, 
that of the apple. Now the apple, 
when thrown, has a motion witli 
the boat at the rate of four miles 
an hour, from c towards d, and this 
motion is supposed to continue just 
as though it had remained in the boat. Had it remained in the 
boat during die time it was passing from e to/, it would have 
passed from e to h. But we suppose it to have been thrown 
at the rate of eight miles an hour in the direction towards g, 
and if the boats are moving south, and the apple thrown to- 
wards the east, it would pass, in the same time, twice as far 
towards the east as it did towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
line from the side of one to that of the otKer, because they 
are both in motion, but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line with this, drawn from the point where it strikes 
the other boat, the line of the apple would be oblique. I^s 
will be clear, when we consider that when the apple isthroiwfc 
the boats are at the points e and ^, and that when it strikes, 
they are at h and /, these two points being opposite to each 
other. . 

Suppose two boats, sailing at the same rate and in the same direction, L 
an apple be tossed from one to the other, what will be its direction in respect 
to the boats 1 What would be its line through the air, in re8i)cct to the boats 1 
What is this kind of motion called 1 Why i» it called resultant motion 1 
Ezplunfig. 34. 
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The line e, f, throngh which the apple is throwiiy is called 
the diagonal of a pamllelograniy as already explained under 
compound motion. 

On the above principle, if two ships, during a battle, are 
sailing before the wind at equal rates, the aim of the gunners 
will be exactly the same as though they stood still ; wher^Mi 
if the gunner fires from a ship standing' still, at another under 
sail, he takes his aim forward of the mark he intends to hit, 
because the ship would pass a little forward while the ball is 
going to her. And so, on the contrary, if a ship in motion 
fires at another standing still, the aim must be behind the 
mark, because, as the motion of the ball partakes of that of 
the ship, it will strike forward of the point aimed at. 

For the same reason, if a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
ward, and will fall in a line with the mast, and strike the same 
point on the deck, as though the ship stood still. 

If a man upon the full run drops a bullet before him from 
the height of his head, he cannot run so fast as to overtake it 
before it reaches the ground. 

It is on this principle, that if a cannon ball be shot up ver- 
tically from the earth, it will fall back to the same point ; for 
although the earth moves forward while the ball is in the air, 
yet as it carries this motion with it, so the ball moves forward 
also, in an equal degree, and therefore comes down at the 
same place. 

Iffnorance of these laws induced the storv-makinff sailor to 
tell nis comrades, that he once sailed in a ship which went so 
fast, that when a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Pendulum. 

A pendulum is a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

Wbj woald the line of the apple be actually perpendicular in regpNBCt to 
the boats, but oblique in respect to parallel lines drawn from where it waB 
Chrown, and where it struck 1 How is this further illustrated 1 When tho 
ihipB are in equal motion, where does the gunner take his aim 1 Why docs 
]m aim forward of the mark, when the other ship is in motion 7 If a ship in 
motibn fires at one standinfr atil], where must be the aim 1 Wliy, in tfait 
case, must th^ aim be behind the mark 1 What other iUostrations are gheii 
•Cicraltuit motion 1 Whatisapeiidalaml 
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Pendulum. 




When a pendulum swings, it is said to vihrate ; and that 
part of a'circle through which it vibrates, is called its arc. 

The times of the vibration of a pendulum are very nearly 
equal, whether it pass through a greater or less part of its arc. 
Fit'. 35p Suppose a and 

5, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
are carried, the 
one to (7, and the 
other to rf, and 
both let fall at 
the same instant; 
their vibrations would be equal in respect to time, the one 
passing through its arc from c to c, and so back again in the 
same time that the other passes from d to /, and back again. 

The reason of this appears to be, that when the pendulum 
is .raised high, the pction of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greater 
comparative velocity than is proportioned to the trifling difier- 
ence of height. 

In the common clock, the pendulum is connected with 
wheel work, to regulate the motions of the hands, and with 
weights by which the whole is moved. The vil>rations of the 
pendulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a second. Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster, or 
slower, according to its number of vibrations in agiven time» 
The number of vibrations which -^ pendulum makes in a given ' 
time, depends upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
of its arc so soon as a short one. 

What is meant by the vibration of a pcn<lu]um 1 What is that fmit of a 
drcle called, through which it swings 1 Why does a })ontiiiiuni vibrate m 
equal time, whether it goc*s through a small or large part of it? arc ? De- 
•oibe tb0 oommoo clock. How many vibrations has the pendulum in a 
wi^rttef C^t what dftpcnJs the number of vibrations which a pendulum 
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k» the motion of the clock is regulated entirely by the 
pendulum, and as the number of vibrations are as its lenj^ 
the least variation in this respect will alter its rate ofgomg. 
To beat seconds, its length must be about 39 inches. In tiie 
common clock, the length is regulated by a screw, which 
raises and lowers the weight. But as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence of the change of the seasons, being contracted by cold 
and lengthened by heat, the common clock goes faster m win 
ter than in summer. 

Various means have been contrived to counteract the effects 
of these changes, so that the pendulums may continue the same 
length the whole year. Amonff inventions for this purpose, 
the gridiron pendulum is consiclered the best. It is so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and consequently contract twice as much by 
cold, as steel. If then these differences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
^ lowing meons. 

I Suppose the middle rod, fig. 36, to be made of 

^ brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and b, to the upper 
cross piece. The rod a, at its upper end passes 
through the cross piece, and in like manner, b 
passes through the lower one. This is done to pre- 
vent these small rods from playing backwards and 
forwards as the pendulum swings. 

Now as the middle rod is lengthened by the heat 
twice as much as the outside ones, and the outside 
rods together afe twice as long as the middle one, 
the actual length of the pendulum can neither be 
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What is the. medium length of a pendulum beating seconds 1 Why 
does a common clock go faster in winter than in summer 1 

6 



OK PENDULUM. 

increased nor diminished by the Taiiations of temporal 
tare. 
Kg. 37. 

fC To make this still plainer, suppose the lower 
cross piece, fig. 37, to be standing on a table, so that 
it could not be lengthened downwards, and suppose, 
by the heat of summer, the middle rod of brass 
I should increase one inch in length. This would 
elevate the upper cross piece an inch, but at the 
same time the steel rod a, swells half an inch, and 
the steel rod b, half an inch, therefore, the two 

points c and d, would remain exactly at the same 

' distance from each other. 

As it is the force of gravity which draws the weight of the 
pendulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attrac- 
tion is stronger or weaker. 

Now, it is found that the earth at the equator rises highci 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
whidi a clock goes, depends on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
•econds, must be shorter at the equator and longer at the 
poles. 

For the same reasonj- a clock which keeps exact time at 
the foot of a high mountain would move slower on its top. 

There is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or slow, as occasion 
requires. This little instrument is called a metronome^ and 
besides the pendulum, consists of several wheels, and a spiral 
spring, by which the whole is moved. This pendulum is only 

What is nccessai^ in Fes{)oct to the pendulum, to make the clock go true 
die year round 1 What i» the principle on which the gridiron pendulum is 
oonstructed 1 Wh^t are the metals of which this instrument is made? Ex- 
plain fig. 36, and give the n*ason wliy the length of the pendulum will not 
change by the variations of temperature. Explain fig. 37. What is the 
downward force which makes the pendulum vibrate ? Explain the reaaon 
why the same dock would go fiister at the poles and slower at the equator. 
How can a clock wliKh goes true at the equator be made to go true at tbi 
poksl 
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tm or twelve inches lon^, and instead of being suspended by 
the end, like other pendcuams, the rod is prolonged abore the 
point of suspension, and there is a baD placed near the uppeiTy 
as well as at the lower extremity. 
Fig.aa 

I This arrangement will be understood 

^/*\^ bj fijr. 38, where a is the axis of sus- 

/^j^\ nenston, h the upper ball, and c the 

lower one. Now when this pendulum 
vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, by in part counterba- 
lancing its weight, ana thus preren • 
ing its full velocity downwards. 

Perhaps this will be more apparent, 

by placing the pendulum, fig. 39, for 

a moment on its side, and across a 

bar, at the point of suspension. 

In this position, it will be seen, 

^^^ I that the little ball would prevent 

— /^ J O^ ^® large one from falling with 

^<~^ • its full weight, since, were it 

moved to a certain distance from 
the point of suspension, it would balance the large one, so that 
it would not descend at all. It is plain, therefore, that the 
comparative velocity of the large ball, Will be in proportion 
as the small one is moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
the little ball being made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
a quick, or slow tune, as occasion rc«;uires. 

By this arrangement, the instrument is .'^ade to vibrate every 
two seconds, or every half, or quarter of a second, at pleasure. 
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MECHANICS. 

Mechanics is a science which investigates the laws and ef> 
fects of force and motion. 



Will a clock kei>p equal time at the loot, aiMl on the top of a hiffh i 
tain 1 Why will it not ? What is the metronome ? How iloea this pendn- 
Imn difier from common prndulumsl How does the apper Imll retanJ th» 
motion of the fewer one \ How is the metronome made to go ftater or flower 
■tplBasuiel WhatkinechaDicil 
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The practical object of this wciencc is, to teach the best 
modes of overcoming resistances by means of mechanical 
powers, and to apply motion to useful purposes, by means ol 
machinery. 

A macnine is any instrument by which power, motion, ct 
velocity, is applied, or regulated. 

A machine may be very simple, or exceedingly complex. 
Thus, a pin is a machine for fastening clothes, and a steam 
engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual construc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, 
that his time and money had been thrown away, for want of 
proper reflection, or requisite knowledge.. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia, 
or weight, to he moved — the force to be applied — the strength 
of the malcriuls, and the space, or situation, he has to work in. 
For, if the force applied, or the strength of the materials, be 
insufficient, his machine is obviously useless ; and if the force 
and strength be ample, but the space be wanting, the same re- 
sult must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difficulty in respect to 
power, strength 'of materials, or space to work in, but if the 
velocity, direction, and kind of motion he obtains, be not ap- 
plicable to the work intended, he still loses his labour. 

Thousands of machines have been constructed, which, so 
far as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individual parts, were 
models of art and beauty ; and, so far as could be seen with- 
out trial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too often been founrl, that 
their only imperfection consisted in a stubborn refusal to do 
any part of the work intended. 

What is the object of thia science 1 What is a machine 1 Mention one 
of the most simple, and one of the most complex of machines. 
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Now, a thorough knowledge of the laws of moticm, and the 
principles H)f nijechanics, would, in many instances at least, 
have prevented all this loss of labour and money, and spared 
him so much vexation and chagrin, l^y showing the pro- 
jector that his machine would not answer the intended pur- 
pose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are common 
words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

Force is the means by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force 
of gunpowder sets the ball m motion, and keeps it moving, 
until the force of resisting air, and the force of gravity, bring 
it to restr 

Power is the means by which the machine is moved, and 
the force gained. Thus we have horse power, water power, 
and the power of weights. 

Weight is the resistance, or the thing to be moved by the 
force of the power. Thus, the stone is the weight to be moved 
by the force of the lever, or bar. 

Fulcrum^, or prop, is the point or part on which a thing is 
supported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the ful- 
crum. 

In mechanics, there are a few simple machines, called the 
mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these'* few in- 
dividual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for his 
accommodation. 



What is meant by force, in Tnechanicsl What it meant by power? What 
li understood by weight 1 What is the fulcrum 1 Axe the mechaiucal powen 
nmacooM, «r mily mw m munbert 
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Any rod, or bar, vhich Is used in raising a weight, or snr 
mounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. 

This machine is the roost simple of all the mechanical 
powers, and is therefore in unirersal use. 

^ ^' Fig. 40 represents a 

straight lerer, or kand 
spike, called also a crotb 
bar, which is commonly 
used in raising and mo- 
Ting stone and othei 
heavy bodies. The 
block b is the weight, or 
resistance, a is theZerer, 
and c, the fulcrum. 

The power is the hand, or weight of a man applied at a, to 
depress that end of the lever, and thus to raise the weight 

It will be observed, that by this arrangement, the applica 
tion of a small power may be used to overcome a great re- 
sistance. 

The force to be obtained bjr the lever, depends on its length, 

together with the power applied, and the distance of the weight 

and power from tlie fulcrum. 

Fig. 41. 




Suppose, fig. 41, that a is the 
lever, b the fulcrum, d the weight 
to be raised, and c the power. 
Let d be considered three times 
as heavy as c, and the fulcrum 
^..^ three times as far from c as it is 

O/' \ from d; then the weight and 
I Jj power will exactly balance eaeh 

other. Thus, if the bar be four 
feet long, and the fulcrum three feet from the end, then three 
pounds on the long arm, will weigh just as much as nine 
pounds on the short arm, and these proportions will be found 
the same in all cases. 

What ie A lever 1 What is the 8unpl<>8t of all mechanical powen 1 Ex- 
plain fig. 40. Which is the weight 1 Where is the fulcrum 1 Where is tho 
power apf)lied t What is the |M>wer in this ca^e 1 On what does the force 
to be obtained by the lever depend 1 Supfiose a lever 4 &et long, and tha 
ftdcrum one foot ftom the enu, what n\imber of pounds will bahuice escb 
stheraithaeiidsl 
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When two weights balance each other, the fulcrum is al- 
ways at the centre of gravity between then), and therefore, to 
make a small weight raise a large one, the fulcrum must be 

§ laced as near as possible to the large one, since the greater 
le distance from the fulcrum the small weight or power 18 
placed, the greater will be its force. 

^* Suppose the weight ft, fig. 42, 

to be sixteen poundn. uu ' sup^- 
poso the fulcrum to be placed so 
near it, as to be raised by the* 
power a, of four pounds, hanfi^- 
ing equally distant from the ful- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. 

But let the fulcrum be moved along to the middle of the 
lever, with the weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Fig. 43. Thus the power which would 

balance 10 pounds, when the 
fulcrum is in one place, must be 
exchanged for another power 
weighing 8 times as much, when 
the fulcrum is in another place. 
From these investigations, we 
may draw the foilowmg general 
truth, or proposition, concerning 
the lever : " That the force of the lever increases in proportion 
(p the distance oftlie power from thefulcrum^ and diminish- 
es in proportion as the distance of the weight from the fulcrum 
increases,'^ 

From this proposition may be drawn the following rule, by 
which the exact proportions between the weight, or resistance, 
and the power, may be found. Multiply the weight by its 

When wei<rhts balance each other, at what point lietwoen them must the 
Ailcrum be 1 Suppose a weight of U\ ^lounds on the short arm of a lever ii 
aounterbalancetl by 4 ^lounds" in the middle of the lon^ arm, what power 
would balance this weight at the end of the lever 1 SupiMwe the fulcrum to 
oe moved to the middle of the f»'vpr, what |)ower would tnen lie equal to tlit 
16 pounds 1 What is the general proposition drawn from these reftoltfl 1 
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distance from the fulcrum ; then multiply the ^power hy its 
distance from the same point, and if the products are equals 
the weight and the power will balance each other. 

Suppose a weight of 100 pounds on the short arm of a le- 
ver, 8 mches from the fulcrum, then another weight, or power, 
of 8 pounds, would be equal to this, at the distance of 100 
inches from the fulcrum ; because 8 multiplied bv 100 is equal 
to 800 ; and 100 multiplied by 8 is equal to SX), and thus 
they would mutually counteract each other. 

Fig. 44. Many instruments in com- 

mon use are on the principle 
of this kind of lever. Scis- 
sors, fig. 44, consist of two 
levers, the rivet being t}M| 
fulcrum for both. The fin-, 
gers are the powe;*, and the 
cloth to be cut, the resist- 
ance to be overcome. 
Pincers, forceps, and sugar cutters, are examples of this 
kind of lever. 

A common scale-beam, used for weighing, is a lever, sus- 
pended at the centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a 
wed^e, and made of hardened steel, so as much as possible to 
avoid friction. 

Fig. 45. 

A dish is suspended by cords 
to each end or arm of the lever, 

^ ^_ for the purpose of holding the 

^r — Hji articles to be weighed. When 

^ A the w^hole is suspended at the 

l\\ point a, fig. 45, the beam or lever 

==^ ouffht to remain in a horizontal 







f'osition, one of its ends^ bein^ exactly as hij^h as the other, 
f the weights in the two dishes are equal, and the suj)port 
exactly in the centre, they will always hang as represented in 
the figure. 

A very slight variation of the point of support towards one 

What is the rule for finding the proportions between the weight and 
power 1 Give an illustration of this rule. What instruments operate on 
the prindple of this lever 1 When the scisso« are used, what b the rt«ist- 
ance, and what the ^wcr 1 In the Gominon ecale-beani, where is the ful- 
erum 1 In what pootbn ought the scale-beam to hang 1 
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end of the levert will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
with a scale beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheat* 
ed nearly one ounce, and consequently nearly one pound in 
every sixteen pounds. This fraud might^instantly be detected 
by changing the places of the sugar and weight, for then the 
difference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

The steelyard differs from the balance, in having its sup- 
port near one end, instead of in the middle, and also in hav- 
yig the weights suspended by hooks, instead of being placed 
in a dish. 

If we suppose the beam to be 
?^^^ f S ff 7 inches long, and the hook, c,fiff. 

fa * ' ' ' « ' ' ^^' *^ ^® ^"® ^^^^ irova the end, 

jT ^ 1 then the pound weight a, will re- 

V ^ quire an additional pound at ft, 

^\ } K>r every inch it is moved from it 

' — This, however, supposes that the 

bar will balance itself^ before any weights are attached to it 

In the kind of lever described, the weight to be raised is on 

one side of the fulcrum, and the power on the other. Thus 

the fulcrum is between the power and the weight 

There is another kind of lever, in the use of which, the 
weight is placed between the fulcrum and the hand. In other 
words, the weight to be lifted, and the power by which it is 
moved, are on tne same side of the prop. 

fig. 47. This arrangement is 

represented by ^g, 47, 
where w is the weight, I 
the lever, / the fulcrum, 
and p a pulley, over which 
a string is thrown, and a 
small weight suspended, 
as the power? In the 
common use of a lever of 
the first kind, the force is 

How may a fraudulent scale-beam be made V How may the cheat be de- 
lected % How does the steel-yard differ from the balance 1 In tlie first kind 
of lever, where is the fulcrum, in respect to the weight and power 1 In the 
■eoond kind, where is the fulcnun, in respect to the weight ajid powerl 
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gained by bearing down the Ion? arm of the lever, which is 
called prying. In the second kind, the force is gained by 
carrying the long arm in a contrary direction, or upward, and 
this is called lifting. 

Levers of the second, kind are not so common as the first, 
but are frequently used for certain purposes. The oars of a 
boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat is 
the weight to be moved, and the hands of the man the power. 

Two men carrying a load between them on a pole, is also 
an example of this kmd of lever. Each man acts as the pow- 
er in moving the weight, and at the same time each becomes 
a fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

Pig 48. A load at a, fig. 48, is borne 

jr equally by the two men, being 

p ' ^ ■* equally distant from each ; but 

6 1 at 6, tnree quarters of its weight 

x*^ would be on the man at that 

( ) ei]d, because three quarters of 

^—^ the length of the lever would 

be on the side of the other man. 

In the third, and last kind of lever, the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is between the fulcrum and the weight to be 
Med. 

^' This is represented by fig, 

49, where c is the fulcrum, a 
the power, suspended over the 
pulley h, and d is the weight 
to be raised. 

This kind of lever works to 
great disadvantage, since the 
power must be greater than 
the weight It is therefore 
seldom used, except in cases 

Tyiiat is the action of the first kind called 1 What is the action of the se- 
cond kind called ] Give examples of the second kind of lever. In rowing a 
boat, what is the fulcrum, what the weight, and what the power ? What 
other illustrations of this principle is £;iven 1 In the third kind of lever, w^n 
aze the respective places of the weight, power, and fulcrum 1 
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where relocity and not force is required. In raising a ladder 
from the ground to the roof of a house, men are oblij^ed, some- 
times to make use of this principle, and tlic great difficulty of 
doing it, illustrates the mechanical disadvantage of this kind of 
lever. 

We have now described the three kinds of levers, and we 
hope, have made the manner in which each kind acts, plain, 
hj iUustrations. But to make the difference between them 
still more obvious, and to avoid all confusion, we will here 
compare them together. 

In the first kind, the weight or resistance, is on the short 
arm of the lever, the power, or hand, on the long arm, and the 
fulcrum between them. In the second kind, tlie weight is 
between the fulcrum, and the hand, or power ; and, in the 
third kind, the hand is between the fulcrum and the weight 
Fig. 50. 
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Fig. 51. 
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In &g* 50, the weight and hand both act downwards. In 
61, the weight and hand act in contrary directions, the hand 
upwards, and the weight downwards, the weight being be- 
tween them. In 52, theliand and weight also act m contrary di- 
rections, but the hand is between tlie fulcrum and the weight 
■ ■ ■ ■ » ■ 

What is the disadvantage of this kind of lever 1 Give an example of the 
QM of the third kind of lever. In what direction do the hand and weight 
act, in the fint kind of lever 1 In what direction do they act in the seomd 
kndl Inwhatdirecttondothey actinthethizdkindl 
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Compaufid Lever. — When several simple levers are connect- 
ed together, and act one upon the other, the machine iss 
ealled a compound lever. In this machine, as each lever acta 
as an indiviaual, and with a force equal to the action of the 
next lever upon it, the force is increased or diminished, and 
becomes greater or less, in proportion to the number or kind 
of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to inore extended works 
for a full investigation of the subject. 
Fig. 53. 

X__Z_^ Fig. 53, 

'~~~""~~"— ' represents a 



Oa b(j) 



compound 
lever, con- 
sisting of 3 
simple le- 
vers of the 
first kind. 

In calculating the force of this lever, the rule applies, which 
lias already been given for the simple ^ever, namely, the length 
of the long arm is to be multiplied by the moving power, and 
that of the short one, by the weight, or resistance. Let us 
suppose, then, that the three levers in the figure are of the 
same length, the long arms being six inches, and the short 
ones, two inches Ipng, required, the weight which a moving 
power of 1 pound at a will balance at b. In the first place, 1 
pound at a, would balance 3 pounds at e, for the lever being 
6 inches, and the power 1 pound, 6x1=6, and the short one 
being 2 inches, 2x3=^. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, 
multiply the 3 by 6=18 ; and multiply the length of the short 
arm, being 2 inches, by 9=18. These two products being 
equal, the power upon the long arm of the third lever, at a, 
would be 9 pounds. 9 poundsx6=54, and 27x2, is 54 ; so 
that 1 pound at a would balance 27 at b. 

The increase of force is thus slow, because the propartion 
between the long and short arms, is only as 2 to 6, or in the 
proportions of 1, 3, 9. 

What is a compound lever ? By what rule is the force of the compound 
lever calculated 1 How many pounds weight will be raised by three leverg 
connected, of eight inches^ each, with the fulcrum two inches from the' end, 
by a power of one pound 1 
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Now suppose Hbe long arms of these levers to be 18 inches, 
and the short ones 1 inch, and the result will be surprisingly 
different, for then 1 pound at a would balance 18 pounds at e, 
and the second lever would have a power of 18 pounds. This 
being multiplied by the length of the lever, 18xl8i->3d4 
pounds at d» The third lever would thus be moved by a power 
of 334 pounds, which, multiplied by 18 inches for the weight 
it woula raise, would give 5832 pounds. 

The compound lever is employed in the construction ot 
weighing machines^ and particularly, in cases where great 
weights are to be determined, in dtuations where other ma- 
chines would be inconvenient, on account of their occupying 
too much space. ^iaa—— *-^=*^'* 

Wheel and Axle. 

The mechanical power, next to the lever in sin)plicity, is 
the wheel and axle, it is, however, much more complex than the 
lever. It consists of two wheels, one of which is larger than 
the other, but the small one passes through the larger, and 
hence both have a common centre, on which Uiey turn. 

^•54« The manner in which this 

machine acts, will be understood 
by fig. 54. The large wheel a, 
on turning the machine, will 
take up, or throw off as much 
more rope than the small wheel 
or axle 6, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as fast And because 
a is four times as large as &, 
1 pound at d will balance 4 pounds at c, on the opposite 
side 

TTie principle of this machine is that of the lever, as will 
be apparent by an examination of fig. 65. 
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If the long anng of the leven be 18 inches, and thio ahoit one, one inch, 
how mnch wUl a power of one pound balance 1 In what m a ch i n ea b the 
compound lever enlployedl What adYantages do theae macUnea poaaeea 
over others *? What is the next simpte mechanioJ power to the kfer 1 De- 
•cribe this machine. Explain fig. M. On what prindpb dues this mir 
china acti 

7 
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Fig. 55. This figure represents the maehine 

endwise, so as to show in what manner 
the lever operates. The two weights 
hanging in opposition to each other, the 
one on the wheel at a, and the other on 
the axle at &, act in the same manner as 
if they were connected by the horizontal 
lever a h, passing from one to the other, 
having the common centre, c, as a ful- 
crum between them. 

The wheel and axle, therefore, acts 
like a constant succession of levers, the 
long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle ; the 
common centre of both being the fulcrum. The wheel and 
axle has, therefore, been called the perpetual lever. 

The great advantage of this mechanical arrangement is, 
that while a lever of the same power can raise a weight but a 
few inches at a time^ and then only in a certain direction, this 
machine exerts a continual force, and in any direction wanted. 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the place below 
which the weight lies, and there be let fall over a pulley. 




Fig. 56. 




Suppose the wheel 
and axle, fig. 56, is 
erected in the third 
story of a store house, 
with the axle over die 
scuttles, or doors 
through the fioors, so 
that goods can be raised 
by it from the ground 
floor, in the directioi' 
of the weight a. Suj 
pose also, Siat the same 
store stands on a wharf, 
where ships come up to 



In Bf, 55, which is the fulcrum, and which the two arms of the levari 
What IS this machine called, in reference to the principle on which it acts 1 
What is the great advantage of this machine over the lever and other me- 
rf<iimn]cal powers 1 Describe fig. 56, and point out the manner in whidl 
ira^ts can be raised hy letting fall a rope over the pulley. 
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its side, and goods are to be removed from the vessek into the 
upper stories. Instead of removing the ffoods into the store, 
and hoisting them in the direction of a, it is only necessary to 
carry the rope ft, over the pulley c, which is at the end of a 
strong beam projecting out from the side of the store, and then 
the goods will be raised in the direction of d, thus saving the 
labor of moving them twice. 

The wheel and axle, under different forms, is applied to a 
variety of common purposes. 

Fig. 57. The capstan, in universal use, on 

board of ships and other vessels, is 
an axle placed upright, with a head, 
or drum, a, fig. 67, pierced with 
holes, for the levers ft, c, d. The 
weight is drawn by the rope e, pass 
ing' two or three times round the 
axle to prevent its slipping. 

This is a very powerful and con- 
venient machine. When not in use, 
the levers are taken out of their 
places and laid aside, and when great force is required, two or 
three men can push at each lever. 

The common windlass for drawing water, is another modi- 
fication of the wheel and axle. The ivinchf or crankf hy 
which it is turned, is moved around by the hand, and there is 
no difference in the principle, whether a whole wheel is turned, 
or a single spoke. The winch, therefore, answers to tJie 
wheel, wnile the rope is taken up, and the weight raised by the 
axle, as already described. 

^•^' In cases where ^eal 

weights are to be raised, 
P and it is required that the 
machine should be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 68, 
is sometimes used. 
The axle may b6 con- 
j ' ' ""^l sidered in two parts, one 
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What is the capstan 1 Where is it chiefly vued? What are the peculiar ad- 
vantages of this form of tho wheel and axle 1 In the ocmiinoD^wiiiiOMM, what 
part answen to the wheel 1 
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of which 18 larger than the other. The rope is attached by 
its two ends, to the ends of the axle, as seen in the fifl^ure. 
The weiffht to be raised is attached to a small pulley, or wheel, 
round which the rope* passes. The elevation of the weight 
may be tlms described. Upon turning the axle, the rope is 
coiled around the larger part, and at the same time it is 
thrown off the smaller part At every revolution, therefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
eaual to that of the thinner part, will be let down. On the 
wliole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, just as much as the dif- 
ference between the circumference of the two parts. 
Pig. 59. 

Now to understand the principle on which 
this machine acts, we must refer to fig. 69, 
where it is obvious that the two parts of the 
rope a and 6, equally support the weight d, 
and tliat the rope, as the machine turns, pass- 
es from the small part of the axle e, to the 
large part A, consequently the weight does 
not rise in a perpendicular line towards c, the 
centre of botn, but in a line between the out- 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, so as to place the weight in a line per- 
pendicular to the axis of motion. In this case, 
it is obvious that the machine would be in equilibrium, since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would be of equal length, and therefore no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of whicti is equal to half the 
diameter of the large part, while the short arm is equal to half 
the diameter of the small part, the fulcrum being between 
them. 

EsnpUii: fig. 58. Why is the rope shortened, and the wdjght raieed 1 
WhHLu the design of fig. 59 1 Does the weight rise perpendicular to the 
axis j» motion 1 Suppose the cylinder was, throughout, of the same siae. 
wfaajE woidd be the consequence 1 On what principte does this machine act 1 
Whioh axe the long and short annsof the lever, and where is the fulcruml 
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As At* wheel and axle is only a modifieation of the simple 
lever, so a system of wheels acting uu each other, and trans- 
mitiing the power to the resistance, is only another form of 
the compound lever. 

^ jg Fig. 60. Such a combination is 

shown at fig, 60. The 
first wheel, a, by xneans 
of the teeth, or cogs 
around its axle, moves 
the second wheel, bt 
with i^ force equal to that 
of a lever, the long arm 
of which extends from 
i I the centre of the wheel 

I I A and axle to the circum* 

I l|p LJ ference of the wheel, 

I " 1 ' p where the power p, is 

i 1 suspended, a nd the short 

arm from the same centre to the ends of the cogs. The dot^ 
ted line c, passing through the centre of the wheel a, show^ 
the position of the lever, as the wheel now stands. The cen- 
tre on which both wheels turn, it will be obvious, is the ful« 
crmn of this lever. As die wheel turns, the shoi t arm of tins 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel 6, and this again 
through the teeth on the axle of 6, will transmit its force to 
the circumference of the wheel d, and so by the short arm of 
the third lever to the weight w. As the power or small 
weight falls, therefore, the resistance, Wj is raised, with the 
multiplied force of three levers, acting on each other. 

In respect to the force to be gained by such a machine, 
suppose the number of teeth on the axle of the w.ieel a, to be 
six times less than the number of those on the cii comference 
of the wheel 6, then b would only turn round on ce, while a 
turned six times. And in like manner, if the nun: bcr of teeth 
on the circumference of d, be six times greater th an those on 
the axle of &, then d would turn once, while b turned pax 
times. Thus six revolutions of a would make b n volve once, 
and six revolutions of 5, would make d revolve once. There- 
fore a makes thirty-six revolutions, while d makes only one, 

' On what principle does a system of wheels act, as represented hi fi^. 60 1 
Explain fig. 60, and show how the power p is transferred t>^ ^he action of 
levers to w. 

7* 
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The diameter of the wheel a, being three times the diame- 
ter of the axle of the wheel (2, and its velocity of motion being 
36 to ly 3 times 36 will give the weight which a power of I 
pound at p, would raise at w. Thus 36x3»»108' One 
pound at p would therefore balance 108 pounds at w. 

If ^he student has attended closely to what has been said 
on mechanics, he will now be prepared to. understand, that 
no machine, however simple or complex it maybe, con create 
the least degree of forde. It is true, that one man with a 
machine, may apply a force which a hundred could not exert 
with their hands, but then it would take him a hundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan^ 
we will suppose, may move them all at once, but this man, 
with his lever, would have to make one revolution foi 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as long to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty times harder then that performed by the twenty 
men, for in addition to moving the stone, he woidd have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed. 

Hence there would be an actual loss of power by the use of 
the capstan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machine- 
ry, where the strength of man is employed as the power, or 
prime mover. There is no advantage gained, except that of 
convenience. In the use of the most simple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, there is no actual gain of power, for what 
seems to be gained in force is always lost in velocity. Thus^ 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pound, its long arm must pass through a 

What weight will one pound at p balance at ic ? Is there any actua^ 
power gained by the use of machinery 1 Suppose 20 men to move 20 stonee 
to a certain distance with their hands, and one man move^them back to the 
same place with a capBtan, which performs the most actual l^bor 1 Why 1 
Why, then, is machinery a oonTenience 7 
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Space of 100 inches. Thus, what is gained in one way is 
lost in another. 

Any power by which a machine is moved, must be equal to 
the resistance to be oyercome, and, in all cases where the 
power descends, there wiD be a proportion between the velo- 
city with which it moves downwards^ and the velocity *with 
wmch the weight moves upwards. Trtiere* will be no difler- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocit}'- of the moving power must 
also be increased, as that of the resistance is diminished. 

There being, tfien, always a proportion, between the velo- 
city with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessary that the power should have to the resistance 
the same ratio that the velocity of the resistance has to the 
velocity of the power. In other words, " The power multU 
plied by the space through which it moves, in a vertical direc- 
tioTi, must be equal to the weight multiplied by the space 
through which it moves in a vertical direction.^^ 

This law is known under the name of " the law of virtual 
velocities," and is considered the goldeti rule of mechanics. 

This principle has already been explained, while treating 
of the lever; but that the student should want nothing to assist 
him in clearly comprehending so important a law, we will 
again illustrate it in a difierent manner. 

Rg. 61. Suppose the weight of ten pounds to be 

^^ suspended on the short arm of the lever, 
'fig. 61, and that the. fulcrum is only one 
_\ inch from the weight ; then, if the lever be 
b ^^^ j ten inches long, on the otiier side of the 

fulcrum, one pound at a would raise, oi 
balance, the ten pounds at b. But iu raising 
the ten pounds one inch in a vertical direc- 
tion, the long arm of the lever must fall 




In the use of the lever, what proportion is there between the force of tlie 
short arm, and the velocity of the long arm 1 How is this illustrated 1 It 
is said, that the velocity of the power downwards, must be in proportion to 
^at of .}te weight upwards 1 Does it make any difference, in this respect, 
whetl^iiie machine be simple or compound 1 What is the golden rule of 
medOffdcs 1 Under what name is this law known 1 Explain fig. 61, and ' 
■how how the rule is illustrated by that figure. 
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ten inches in a vertical direction, and therefore the irelodt^ 

of a would be ten times the velocity of b. 

The application of this law, or rule, is apparent The pow 
er is one pound, and the space through which it falls is 10 inch- 
es, therefore 10xl«slO. The weight is 10 pounds, and die 
space through which it rises is one inch, therefore IxIO^bIQ, 
Thus tlie power, multiplied by the space through which if 
moves, is exactly equal to the weight, multiplied by the space • 
through which it moves. 

Fig- ^ Again, suppose the lever 

fig. 62, to be thirty inches 
long from the fulcrum to the 
point where the power p is 
suspended, and that the 
weight w is two inches from 




/t r^\ the fulcrum. If the powtt 
I be 1 pound, the weight must 



{ be fifteen pounds, to produce 
/ equilibrium, and the power 
/ p must fall thirty inches, to 
/ raise the weight w two inch- 
/ es. Therefore the power be- 
in^ 1 pound, and the space 
30 inches, 30xl""30. Tlie weight being 15 pounds^ and the 
space 2 inches, 15x2=b30. 

Thus the power, multiplied by the space through which it 
ihlls, and the weight, multiplied by the space through whidi 
it rises, are equal. 

However complex the machine may be, by which the forc^ 
of a descending power is transmitted to the weight to be raised, 
the same rule will apply, as it does to the action of the aim- 
pie lever. ^ 

i -" 
Tlie PuUey. 

A pulley^ consists of a wheel, which is groovp,d on the edge, 
and which is made to turn on its axis, by a chord passing 
over it 



Explain fig. G2, and show how the same rule is illustrated by it What 
issaidof the application of this role to CQmplez machines 1 Whatisapul- 
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^2L?^ .'^^^ ^ rcpresenti a simple pullefft 

^1^^ with a single fixed wheel. In otfier 

JIV forma of the machine, the wheel movea 

^^\ up and down, with the wcij^ht. 

\ ^ The pulley is arranged among the 

\ simple mechanical powers; but when 

\ several are connected, the machine is 

called a system of pulley St or a compound 

I pulley. 

One of the most obvious advantages 
_ f the pulley is, its enabling men to exert 

their own power, in places where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on the 
deck of a ship, and hoist a weight to the topmast. 

Br means of two fixed pulleys, a weight may be raised up- 
waro, while the power moves in a horizontal clirection. The 
weight will also rise vertically through the same space that 
the rope is drawn horizontally. 

^' Fig. 64 represents two fixed 

pulleys, as they are arranged for 
such a purpose." In the erec- 
tion of a loftv edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope 
0, would raise the weight w 
vertically, as far as he went 
y ^J a horizontally. 

^^^^'^^ \ In the use of the wheel of the 

\x ^ pulley, there is no mechanical 

^ advantage, except that which 

arises from removing the friction, and diminishing the imper- 
fect flexibility of the rope. 

In the mechanical efiects of this machine, the resalt would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

The action of the pulley is on a dififerent principle from that 
of the wh^l and axle. A system of wheels, as already tX' 
plained, acts on the same principle as the compound lever. 

What 18 a simple pulley 1 What U a system of puUeys, or a compound 
pollejl What u the most obvbus advantage of the pullevl How most 
two fixed pulleys be placed, to raise a weight vertically, as far at the power 
fort faonsontaliy 1 what is the advantage of the wheel of the puUay 1 
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Bat the mechanical efficacy of a system of pulleys, is derived 
entirely from the division of the weight among the strings em 
ployecl in suspending it In the use of the single /:r6|i pulley, 
there can be no mechanical advantage, since the weight rises 
as fast as the power descends. This is obvious by fig. 63 ; 
where it is also apparent that the power and weigfit must be 
exactly equal, to balance each other. 



Fig. 65. 



^ 



Vm 



r 



\ 



In the single moveable pulley, fig. 65, the 
same rope passes from the fixed point a, tc 
the power p. It is evident, here, that the 
weight is supported equally b)r the two parts 
of ihe strinff between which it hangs. 
Therefore, if we call the weight w ten 
pounds, five pounds will be supported by 
one string, and five by th ^ other. The pow- 
er, then, will support twice its own weight, 
so that a person pulling with a force of five 
pounds at p, will raise ten pounds at w. 
The mechanical force, therefore, in respect 
to i.\w puwer^ le un two to one. 
hi tills exai^iple, it is supposed there are only 
two ropei!, each of \^'hich bears an equal part o< 
the weight. 

If iJu^ nutBtier of ropes be increased, the 
. wfi^ht I nay he inert used with the same power; 
or the po"i cr tnay be diminished in proportion 
as the number of ropeis is increased. In fig. 66, 
the number of ru[fes sustaining the weight 
is four* and therefoic, the weight may be four 
limes as great a a the power. This principle 
miist be evuleni, since it is plain that each rope 
BTjj^tfuns an etpial part of the weight.^ The 
weight may thertforo he considered as divided 
into^four parlBi and each part sustained by one 
rope. 

In fig. 67, there h a system of pulleys repre- 
sent ed» in which ibc weight is sixteen times 
the poiren 

liow tliieB Jhe a^ti(*Ti of the pulley differ firom that ol 
the whpfl :iinJ a lie 1 U there any mechanical advantage 
in thsirnfd pulley 1 'VVliat weight at p, fig. 65, Wul 
bslfuarje ten pewtids at tu 1 Suppose the number of lopes 
ta l>£ mfif«<<i£f^^ and ibc weight mcieased, must the power 
iic ificreajed idao 1 
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Pig. en. The tension of the rope (Z» e, it 

7 evidently equal to the power, p, be- 
cause it sustains it: (2, bem^ a 
moveable pulley, must sustain a 
weight equal to twice the power ; 
but the weight which it sustains, 
is the tensjon of the second rope, 
dy c. Hence the tension of the se- 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight tr, to be six 
teen pounds, then the two ropes, 
8 and 8, would sustain just 8 pounds 
each, this being the whole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next two ropes sustain but half of 4, for the same reason ; 
and the next pair, 1 and 1, for the same reason, will sustain 
only half of 2, Lastly, the power p, will balance two pounds, 
because it sustains but half this weight, the otlier half being 
sustained by the same rope, fixed at its upper ejid.' 

It is evident, that in this system, each rope and pulley 
which is added, will double the eflfect of the whole. Thus, by 
adding another rope and pulley beyond 8, the weight w might 
be 32 pounds, instead of 16, and still be balanced by the same 
power. 

In our calculations of the eflTects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be found, 




Suppose the weight, fig. 66, to be 32 poimds, what will each rope bcwrl 
explain fig. 67, and show what part of the weight each rope sustaixu, and 
why 1 pound at p, will balance 16 pounds at 10. Explain the reason w^ 
etucn additional rope and puUi^ wOl double the effect of the whofe, or wH^ 
its weight may be double by that of all the others, with thd same power. 
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that nearly one third must he allowed forfrictioiif and Aal 
the power, therefore, to actually raise the weight, must be 
ahout one third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocities, already applied to the lever and wheel. Thus^ '* in 
a system ofjyulliesy the ascent of the weighty or resistance^ is 
as much less than the descent of the power^ as the weight is 
greater than the power J'^ If, as m the last example, the weight 
is 16 pounds, ana the power 1 pound, the weight will rise only 
one foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equal, 
and consequently, the weight rises as fast as the power de- 
scends. 

With such a pulley, a man may raise himself up to the mast 
head by his own weight. Suppose a rope is thrown over s 
pulley, and a man ties one end of it round his body, and takes 
the other end in his han^s. He may raise himself up, because, 
by pulling with his hands, he has the power of throwing more 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, although the power and the 
weight are the r^me individual, still the man can change his 
centre of gravity, so as to make the power greater than the 
weight, or the weight peater than the power, and thus can 
elevate one half his weight in succession. 

The Inclined Plane. 

The /burth simple mechanical power is the inclined plane* 

Yig. 6a Tins power consists of a plain, 

smooth surface, which is inclined 

^ towards, or from the earth. It is 

represented by fig. 68, where from 

a toft is the' inclined vlane; the 

line from d to a, is its Keightj and 

that from h to <f, its hose. 

A board, with one end on the 
ffround, and the other end resting 
on a block, becomes an inclined plane. 

This machine, being both uselul and easily constructed, is 
in very general use, especially where heavy bodies are to be 
raised only to a small height Thus a man, by meaiis of an 

In compound machines, how much of the power must be allowed fixr Urn 
fntidxm 1 How may a man raise himaelf up by means of a zope and iin|^ 
fixedpnUeyl 'What b an incfiaed plane 1 
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Indiied plane, which he eaa readflv eoneCraet with a hoard, 
or couple of ban, can raise a load into his wanron, which tea 
men could not Kft wiUi their hands. 

The power required to force a given weigrht up an inclined 
plane, is in a certain proportion to its height, and the length of 
Its base, or, in other words, the force must be in proportion to 
the nqpiditjr of its inclination. 

^- ^- The power «, fig. 60, 

pulling a weight up the 
inclined plane, from c to 
d, only rais€» it in a per- 
pendicular direction from 
« to d, by acting along 
the whole lengdi of die 
plane. If the plane be 
twice as long as it is high, 
that is, if the line from c to d be double the length of that from 
e to d, then one pound atp will balance two pounds any where 
between d and c. It is evident, by a glance at this ng., that 
were the base, that is, the line from e to c, lengthened, the 
height from eXo d beinff the same, that a less power at p, 
would balance an equal weight any where on the inclined 
plane ; and so, cm the contrary^ . were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

Fig. 70. Suppose two inclined planes, 

fi^. 70, of the same neifht, 
with bases of different lengms ; 
then the weight and power 
wiU be to each other as the 
length of the planes. If the 
length from a to &, is two feet,, 
and that from h to c, one foot, 
then two pounds at d vnXi balance ifour nounds at w, and so in 
thisproportion, whether the planes be longer or shorter. 

Tne same principle, with respect to the vertical velocities 
of the weight and power, applies to the inclined plane, in com- 
mon with the other mechanical powers. 

On what oocaflioiui is this power chiefly useidl Siippow a man wantslo 
load a bane! of dder into his wagon, how does he make an ioeliiiBd plana 
for this pmpose 1 To loU a iri^en weight tqp an inclined plane, to ^Hiatmiiit 
the Ibfce be piyportioned? Exphdn fig. 69. If the length of the Idig plane, 
fig. 70, be doaUe that of the short one, what nniit be thepioportioiiSBtwseB 
the power and the we^l 
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ilg*71. Soppoie ibe mcHned ]^ane, fig. 

71, to be two feet from a to ^, and 
one foot 'from c to 5, then, as we 
haye already seen by fig. 69, a pow- 
er of one pound at p, would bal- 
ance a weight of two pounds at w» 
Now, in the fall of the pc«wer to 
draw up the weight, it is obvious 
that its vertical descent must be just 
y^Q twice the vertical ascent of Xhe 
weight ; for the power must fall 
down the distance from a to 5, to draw the weight that dis- 
tance ; but the vertical height to which the weight w is raised, 
is only from c to h. Thus the power, being two pounds, must 
fall two feet, to raise the weight, four pounds, one foot ; and 
thus the power and weight, multiplied by the several velo- 
cities, are equal. 

The Weige. 

The next simple mechanical power is the wedge. .This 
instrument may be considered as two inclined planes, placed 
base to base. It is much employed for the purpose of split- 
ting or dividing solid bodies, such as wood and stone. 

Fig. 72. ' Fig. 72 representis such a wedge as is usually 
employed in cleaving timber. This instrument is 
also used in raising snips and preparing, them to 
launch, and for a variety of other puiyoses. 
Nails, awls, needles, and many cutting instru- 
ments, act on the principle of this machine. 

There is much difficulty in estimating the pow- 
er of the wedge, since this depends on the force, 
or the number of blows given it, together with 
the obliquity of its sides. A wedge of great ob- 
liquity would require hard blows to drive it for- 
ward, for the same reason that a plane much in- 
clined, requires much force to roll a heavy body 
up it. But were the obliquity of the wedge, and 

What ia faid of the applicaticm of the law of vertical velocities to the in- 
dined plane 1 Explain m. 70, and show why the power must fall twice as 
ftr as toe weight rises. On what principle does the wedge acti In what 
cases is thk power useinl 1 What common instruments act on the principle 
of the wedge'? What difficulty is there in estimating the power of the wedge 1 
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the force of eaeh blow given, still it wouM be dificidt to as- 
certain the exact power of the wedge in ordinary cases, for, 
in the splitting c2 timber, and stone, for instance, the divided 
parts act as levers, and thus greatly increase the power of the 
wedge. Thus, in a log of wood, six feet lon^, when split one 
half of its length, the other half is divided with ease, oecause 
Uie two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from tlie wedge. 

The Screw. 
The screw is the fifth and last simple mechanical power. 
It may be considered as a modification of the inclined plane, 
or as a winding wedge. It is an inclined plane running spi- 
rally round a spindle, as will be seen 
by fig. 73. Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
piece of wood d; its edee would 
form the spiral line, called the 
thread of the screw. 

If the finger be placed between 
the two threads of a screw, and the 
screw be turned round once, the 
finger will be raised upward equal to die distance^of the two 
threads apart In this manner the finger is raised up the in- 
clined plane, as it runs round the cylinder. 



Fig.T3. 




Fig. 74 




The powei^ of the screw is trans- 
mitted and employed by means of 
another screw called the nut^ through 
which it passes. This has a spiral 
groove runninjg through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself^ 
on turning it round, advances forward; 
but if the screw is fixed, the nut, when 
turned, advances alonff the screw. 

Fig. 74, represents Uie first kind of 
screw, being such as is commonly 
used in pressing paper, and other 
substances. The nut, n, through which 



On what principle does the screw act 1 How is it shofwn that the aerew 
laamodificatioiioftlieincliiiedplanel Explain fig. 74. Which is the i 
and which tha not ? 
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die serew pames, answen ako finr one of the beams of the 
preM. If the screw be turned to the right, it will adYance 
downwards, while the nut stands still. 

Fig- 75. A screw 6f the second kind is 

^^ represented by fig. 75. In this, 

the screw is nxe^ while the nut, 
Sh hy being turned by the lerer, Z, 
I from left to right, will advance 
J down the screw* 

In practice, the screw is nevet 
used as a simple mechanical ma- 
chine; the power being alwaj^s 
applied by means of a lever, pass- 
ing through the head of the screw, 
as in fig. 74, or into the nut, as in 
fig. 75. 
The screw, therefore, acts ^i^ith 
die combined power of the inclined plane and the lever, and 
its force is such as to be limited only by the strength of the 
materials of which it is made. 

In investigating the effects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, w^e have already seen, that the less it 
is inclined, the more easy is the ascent up it In applying the 
same principle to the screw, it is obvious, that the greatei^ the 
distance of the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the pow^ 
to turn it, under a given weight On the contrary, if the 
thread inclines downwards but slighdy, it will turn witli less 
power, for the same reason that a man can roll a heavy weight 
up a plane but little inclined. Therefore, the finer the screw, 
or the nearer the threads to each other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart ; then the force 
which the first screw will give with the same power at the 

Which way miut the screw be turned, to make it advance through the 
nut t How Sbea the aetew, %. 75^ differ from fig. 741 Is the screw ever 
used as a simple machine 1 By what other simide power is it moved 1 What 
two simple mechanical powers are conoemea in the Ibroe of the screw 1 
Why does the neanieis of the threads make a diflforenoe in the finoe of tk« 
fcrewl 
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lever will be only iulf that given by the second. The second 
screw must be turned twice as many times round as the first, 
to go tiirough the same space, but what is lost in velocity is 
gained in power. Ai the lever of the first, two men would 
raise a given weight to a given height by making one revolu- 
tion ; while at the lever of the second, one man would raise 
the same weight to the same height, by making two revolu- 
tions. 

It is apparent that the length of the inclined plane, up 
which a holy moves in one revolution, is the circumference 
of the screw, and its height, the interval between the threads. 
The proportion of its power would therefore be ** as the cir- 
cumference of the screw, to the distance between the threads, 
so is the weight to the power." 

By this rule the power of the screw alone can be found ; 
but as this machine is moved b^ means of the lever, we must 
estimate its force by the combined power of both. In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of the circumference of the screw 
itself. The means by which the force of the screw may be 
found, is therefore by multiplyinff^the circumference which the 
lever describes by tne power. Thus, " tJie power multiplied 
by the circumference which it describes^ is eqvuL to the weight 
orresistance, muitiplied by the distance between the two contig- 
uous threads.*^ Hence tne efficacy of the scisw may be in- 
creased, by increasing the length of the lever by which it is 
turned, or by diminishing the distance between the threads. 
If, then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily cal- 
culate the power ; or, the power bein^ given, and the distance 
of the threads and the length of the lever knowt^- we can es- 
timate the weight the screw will raise. 

Thus, suppose the length of the lever to be forty inches, the 
distance of the threads one inch, and the weight 8000 pounds ; 
required the pon-er, at the end of the lever, to raise the weight. 

The lever being 40 inches, the diameter of the <^i^e, which 

*Su{^se one screw, with its threads one inch apart, and another half an 
•nch apart, what will be their difference in force 1 What is the length of 
the inclined plane up which a body moves by one revolution of the screw 1 
What would be the height to which the same body would move at one revo- 
iution f How is the force of the screw estimated 7 How may the efficacy 
of the screw be increased 7 The length of the lever, the distance between 
the threads, and the weighty beuog k]M)vm, how can the power be ibiind % 
GHve an example. 

8« 
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the end describes, is 80. inches. The drcumference is a Ht 
tie more than tiuree times the diameter, but we will call it 
just thre^ times. Then 80x3"B4i40 inches, the circumfer* 
ence of the circle. Tlie distance of the threads is 1 inch, and 
the weiffht 8,000 pounds. To find the power, multiply the 
weight by the distance of the threads, and divide by the cir- 
cumference of the circle. Thus 

circum. in. weight, pow^. 

IHO + 1 :: 855o « 33* 
The power at the end of the lever must therefore be 33i 
pounds. In practice this power would require to be increas- 
ed about one third, on account of friction. 

The force of the screw is sometimes employed to turn a 
wheel, by acting on its teeth. In this case it is called the 
perpetual screw. 

Fig. 76. Fig. 76 represents such a ma- 

^ chine. It is apparent, that by turn- 
inff 'the crank c, the wheel will re- 
vcuve, for the thread of the screw 
passes between the cogs of the 
wheel. By means of an axle, 
through the centre of this wheel, 
like the common wheel and axle, 
this becomes an exceedingly pow- 
erful machine, but like, all othei 
contrivances for obtaining great 
power, its effective motion is ex 

ceedinffly slow. It has howevei 

some disadvantages, and particiUarly the great friction between 
the thread of the screw and the teeth of me wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumerated and described all the mechani 
oal powers usually denominated simple. They are five in 
immber, namely, the Lever, Wheel and Axle, Pulley, Wedge, 
Inclined Plane, and Screw. 

In respect to the principle on which they act, they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it has been shown that the 
wheel and axle is only anoUier form of the lever, and that the 
screw is but a modification lof the inclined plane. ' 

What is the screw called when it is employed to turn a wheel 1 What is 
the object of this machine for raidng weights % How many simple mecha- 
nical powers are there ? and what are they called 1 How can they be r*- 
solved into three simple powers 1 
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It is surprudiig indeed, that these simple powers can be^o 
arranged and mwlified, as to produce the different actions in, 
all that vast variety of intricate machinery which men have 
invented and constructed. 

The variety of motions we witness in the little engine which 
makes cards, by bein^ supplied with wire for the teeth, and 
strips of leather to stick them through, would itself seem to 
involve more mechanical powers Sian those enumerated. 
This engine takes the wire from a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then gives it another 
bend, on the opposite side of the learner ; graduates the spa- 
ces between the rows of teeth, and between on^ tooth and 
another ; and at the same time, carries the leather backwards 
and forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the diiTerence of a hair's breadth in the distance between them. 

AH this is done Avithout the aid of human hands, any far- 
ther than to put the leather in its place, and turn a crant ; or, 
in some instances, many of these machines are turned at once, 
by means of three or four dogs, walking on an inclined plane 
which revolves. 

Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
nayjght tlie idea that the lever and wheel were the chief sim- 
ple powers concenied in its motions. But when these motions 
are examined singly and deliberateljr, we are soon convinced 
that the wheel, variously modi£«d, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time ana ingenuity which men have spent on the con- 
struction of machinery, and in attempting to multiply their 
powers, there has, as yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no actual force is 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pound pulley of ten ropes, which it would take ten men to 

What is said of the card-making machine 1 What are the chief mechani- 
cal powers concerned in its motions 1 Is there anv actual force generated 
Dy. machinery 1 Can great veli)city and great force be produced by the same 
machineiyl Why not 1 
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raise by one rope, without puDey^. If the weight is to be 
raised a yard, the ten men by pulling their rope a yard will do 
the work. But the mui with tne puUeys must draw his rope 
ten yards to nose the weight one yard, and in addition to this, 
he has to overcome the niction of the ten pulleys, making 
about one tliird more actual labor than was employed by the 
ten men. But notwithstanding these inconveniences, the use 
of machinery is of vast importance to the wor4d. 

On board of a ship, a few men will raise an anchor with a- 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the gainer, since 
it would be more convenient, and less expensive for him to do 
the work himself, than to employ twenty others to do it for 
him. 

When men employ the natural elements as a power to over 
come resistance by means of machinery, there is a vast savins 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 



HYDROSTATICS. 

Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest. 

Hydraulics is that part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes, or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim investigation, 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its pres- 
sure. 

A fluid is a substance whose particles are easily moved 
among each other, as air and water. 

Which perfimns the greatest labor, ten men who lift a weig ht with their 
hands, or one man who does the same with ten poUeys ^ Wny 1 What is 
hydrostatics 1 How does hydraulics differ from hydrostaties 7 What Is a fluid 7 
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The air k called an elastic fluid, because it is easily con* 
pressed into a smaller bulk, and returns again to its original 
state when the pressure is removed. Water is called a non" 
elastic fluid, because it admits of little diminution of bulk 
under pressure. 

The non-elastic fluids, are perhaps more properly called 
liguids^ but both terms are employed to signify water and 
other bodies possessing its mechanical properties. The term 
fluid, when applied to the air, has the word elastic before it. 

One of the most obvious properties of fluids, is the facility 
with which they yield to the impressions of other bodies, an!i 
the rapidity with which they recover their former state,, when 
the pressure is removed. The cause of this, is apparently 
the freedom with which the particles of liquids slide over, or 
amonff each other ; their cohesive attraction being so slight 
as to be overcome by the least impression. On this want of 
cohesion among their particles seem to depend the peculiar 
mechanical properties of these bodies. 

In solids, there is such a connexion between the particles, 
that if one part moves, the other part must move also. But 
in fluids, (me portion of the mass may be in motion, while the 
other is at rest. In solids, the pressure is always downwanls, 
or towards the centre of the earth's gravity ; but in fluids the 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards, 
as well as downwards. 

Fig. 77. Water has commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elastic. The most decisive experiments on this sub- 
ject were made Avithin a few years by Mr. Perkins. 
The experiments were made by means of a hollow 
a cylinder, fig. 77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod b, which was 
five sixteenths of an incn in diameter. The rod was 
so nicely fitted to the cap, as also to be water ti^ht 
Around the rod at c, there was placed a flexible nng, 
which could be easily pushed up or dowp, but fitted so 
nJI closely as to remain on any part where it was placed 

What b an elastic fluid'? Why is air called an elastic fluid ? What 
•ubatanoea am called liquids 1 Wliat is dne of the nioet obvious propertiep 
offiquids? On what do the peculiar mechanical properties of fluids dq>end^ 
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A eaniion of suffident size to receire this cylinder, whieh 
was three inches in diameter, was furnished with a strong 
cap and forcm^ pump, and set vertically into the ground. The 
cannon and cylmder were next filled with water, and the cylin- 
der, with its rod dra^n out, and the ring placed down to the 
cap, as in the figure, was plunged into the Cj^nnon. The 
water in the cannon was then subjected to an immense pres- 
sure by means of the forcing pump, after which, on examina- 
tion of the apparatus, it was founa that the ring c, instead of 
being where it was placed, was eight inches up the rod. The 
water in the cylinder bein^ compressed into a smaller s])ace, 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by ^e expan- 
sion of the water, when the pressure was removed. Thus the* 
ring on the rod would indicate the distance to which it.^had 
been forced in, during the greatest pressure. 

This experiment proved that water under the pressure of 
one thousand atmospheres, that is, the weight of 15000 pounds 
to the square inch, was reduced in bulk about one part in 
24. . 

So slight a degree of elasticity under such imm^se pres- 
sure, is not appreciable under ordinary circumstances, and 
therefore in practice, or in common experiments on this fluid, 
water is considered as non-elastic. 

Equal pressure of Water, 

The particles of water, and other fluids, when confined* 
press on the vessel which confines them, in all directions, both 
upwards, downwards, and sideways. 

From this property of fluids, together with their weight, oi 
gravity, very unexpected and surprising effects are produced 

Tiie eflect of this property, which we shall first examine, is, 
that a quantity of water, however small, will balance anothei 
quaintily however large. Such a proposition at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con 
vince any one of its truth. Indeed, we every day see thia 
principle established by actual experiment, as will be seen 
directly^ 

~In what respect does the pressure of a fluid differ from that of a solid 1 
Is water an elftsdc, or a noh-eiostic fluid 1 Describe fig. 77, and show how 
water was fouiKJi to be elastic. In what proportion does the bulk of water 
diminish under a pressure of 15000 pouncb to the square inch 1 In common 
•xperiments, is water considered dastic, or non-elas^l When water is 
confined, in what direction does it pRssI 
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F%. 78. Fig. 78, represents a common cofl»e-poty 

^^a^ supposed to be filled up to the dotted line a, 
^ A Ivf^ ^^ * decoction of coffee, or any other 
yjTTfKML/ liqiiid. ^he coffee, we know, stands exactly 
^^^^BT at the same height, both in the body of the 
^^^^T pol, and in Us spout. Therefore, the small 
^H^V quantity in the spout, balances the large 
^^^^ quantity in the pol^ or presses with the same 
force downwards, as that in the body of the pot presses up- 
wards. This is obviously true, otherwise, the large quantity 
would sink below the dotted line, while that in the spout woulo 
rise above it, and run over. 



Fig, 79. 




The same principle is more strikingly 
illustrated biy fig. T^. 

Suppose the cistern a to be capable of 
holding one hundred gallons, and into its 
bottom there be fitted the tube b, bent, as 
seen in the figure, and capable of contain- 
ing one gallon. The top of the cistern, 
and that of the tube being open, pour wa- 
ter iiito the tube at c, and it will rise up 
through the perpendicular bend into the 
cislern, and if the process be continued, 
the cistern will be filled by pouring water 
irto the tube. Now, it is plain that the gallon of water in the 
tube, presses against the hundred gallons in the cistern with a 
force equal to the pressure of the nundred gallons, othe^^vise 
. that in the tube would be forced upwards higher than that in 
the cistern, whereas, we find that the surfaces of both stand 
exactly at the same height. 

From these experiments we learn, ** that the pressure of a 
fluid is not in proportion to its quantity, but to its height, and 
that a large quantity of water in an open vessel, presses 
downwards icith no more force, than a small quantity of the 
same heighW^ 

In thisrespect, the size or shape of a vessel is of no conse- 

' quence, for if a number of vessels, differing entirely from each 

other in figure, position, and capacity, have a communication 

made between them, and one be filled with water, the sur- 

How docs the experiment with the cofl'cc-pot, show that a small quantity 
of liquid will balance a large onel Explain fig. 79, and show how the press-' 
lire in the tube is equal to the pressure in the cistern. "What conclusion, or 
general truth, is to be drawn from these experiments 1 What difierence does 
Uie shape or size of a vessel make in rei^iect to the pressure of a fluid on its 
boftomi 
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face of di6 flnid, in all, will be at exactly the same deTation. 
Ify therefore, the water stands at an eaual height in all, the 
pressure in one must be just equal to tnat in another, and so 
equal to that in all the others. 

Pig. 8a 




To make this oby^us, supipil>se a nng^Y of vessels, of dif- 
ferent shapes and sizes, as represented by fig. 80, to have a 
communication between them, by means of a small tube, pass- 
ing from the one to, the other. If, now, one of these vtesels 
he filled with wate?^ prJif water be poured into the tube a, all 
the other vessels will be filled, at the s^me instant, up to tlie 
line 6, c. Therefore, the pressure of the. water in iz, balanced 
that in 1, 2, 3, ^c, while the pressure in^each of these vessels, 
is equal to that in the otlicr, and so an e^iilibrium is produced 
throughout the whole series. 

If an ounce of water be poured into the tube c, it will pro- 
duce a presisure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube ; for, it will force 
the water in all the other vessels to rise upwards to an equal 
heiglit with tliat in the tube itself. Hence we must conclude, 
tliat the pressure in each vessel, is not only equal to that in 
any of the others, but also that the pressure in any one, is 
equal to that in all the others. 

From this we learn, that the shape or size of a vessel han 
no influence on the pressure*of its liquid contents, but that die 
pressure of water is as its height, whether the quantity be 
great or small. We learn also, that in no case will the weight 
of a quantify of liquid, however large, force another quantity, 
however small, above the level of its own surface. 

Explain fig. 80, and show how the equilibriiim is produced. Suppose an 
ounce of wAter be poured into the tube a. what will be its effect on the coiv> 
tents of the other vessels 1 What conclusion Is to be drawn from pouring tfaf 
ounce of water mto the tube a 1 
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Fig. 81. 



Thi» is proved hy experiment ; for if, from a pond siliiated 
en a mountain, water be conveyed in an inch tube to die'irallejr 
an hundred feet below, the water will rise just a hundred feet 
in the tube ; that is, exactly to the level of the surface of the 
pond. Thus the water in the pond, and that in the tube, press 
equally against each other, and produce an exact equilibrium. 
Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at liberty to seek its ba- 
lance, or equOibrium by its own ffravity. Its pressure, we 
have seen, is in proportion to its hdght, and not to its bulk. 

Now, by other experiments it is ascertained that the pres- 
sure of a liquid is in proportion to its height, and its area at 
the hose. 

Suppose a vessel ten feet high, and 
two feet in diameter, such as is repre- 
sented at a, fig. 81, to be filled with 
water; there would be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but only 
a foot high, and closed at the top. 
Now if a small tube, say the fourth oi 
an inch in diameter, be inserted into 
the cover of the vessel (Z, and this tube 
. be carried to the height of the vessel 
a, and then the vessel and tube be fill- 
ed with water, the pressure on the bot- 
toms and sides of both vessels to the 
same height will be equal, and jets of 
water starting from J, and c, will have exactly the same force. 
Tills might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider that any impres- 
sion made on one portion of the confined fluid in me vessel 
I?, is instantly communicated to the whole mass. Therefore, 
the water in the tube b presses with the same force on every 
other portion of the water in d, as it does on that small portion 
over which it stands. 
This principle is illustrated in a very striking manner by 
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What 18 the reason that a lam quantity of water will not Ibioe a i 
tfuantity above its own leveH la the foioe of water in proportion to iti 
beigfat, or its quantity 1 How is a small quantity of water shown to pnm 
eq«d to a laige quantity hy fig. 81 1 Ezplatn tlw reason why the fioanui 
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Hne Mcperitnent, which has often been made, of bursting the 
strongest wine cask with a few ounces of water. 

Fig. 83. Suppose a, fig. 82» to be a strong cask already 

filled with water, and suppose the tube ft, thirty 
feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show increas 
ing siffns of pressure, by emitting the water 
through the pores of the wood, and between the 
joints : and finally as the tube is filled, the cask 
will burst asunder. 

The same apparatus will serFC to illustrate the 
upward pressure of water ; for if a small stop- 
cock be fitted to the upper head, on turning this, 
when the tube is filled, a jet of water \inll spin 
up with a force, and to a height that will aston- 
isn all who never before saw such an experi 
ment. 

In theory, the water will spout to the same 
height with that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions: 
If the tube be twenty feet high, and the orifice for the jet 
half an inch in diameter, the water will spout nearly nineteen 
feet If the tube be fifty feet high, the jot will rise upwards 
of forty feet, and if an hundred feet, it will rise above eighty 
feet. It is understood in every case, that the tubes are to be 
kept full of water. 

The height of these jets show the astonishing effects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument called the hydrostatic bellows, also shows, 
in a striking manner, the great force of a small quantity of 
water, pressmg in a perpendicular direction. 

This instrument consists of two boards, connected together 
with strong leather, in the manner of the common bellows. 
It is then furnished with a tube a, fig. 83, ivhich communi- 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How 18 the same principle illustrated by fig. 82 ? How u the upwanl 
preflBiue of water illuatrated by the same apparatus 1 Under the pressure of 
a column of water twenty feet high, what will be the height of the jet 1 
Under a pfewnire of a hundred feet, how high will it rise 1 
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Fig. 84. 



eaual to a thousandth part of the area 
of the top of the bellows, one ounce of 
water in the tube wiU balance a thou- 
sand ounces placed on the bellows. 

This property of water was applied 
by Mr. Bramah to the construction of 
his hydraulic press. But instead of a 
high tube of water, which in most cases 
could not be readily obtained, he sub- 
stituted a strong forcing pump, and in- 
stead of the leather bellows, a metallie 
pump barrel, and piston. 

This arrangement will be understood 
by fig. 84, where the pump barrel, a, ft, 
is represented as divided lengthwise, in 
order to show the inside. The 
piston, c, is fitted so accurately 
to the barrel, as to work up and 
down water tight; both barre. 
and piston being made of iron. * 
The thing to be broken, or 
pressed, is laid on the flat sur- 
face, t, there being above this, 
a strong frame to meet the 
pressure, not shown in the 
figure. The small forcing pump, 
of which d is the piston, and h 
the lever by which it is worked, is also made of iron. 

Now, suppose the space between the small piston and the 
large one, at w, to be filled with water, then, on forcing down 
the small piston, (f, there will be a pressure against the large 
piston, c, tne whole force of which will be in proportion as the 
aperture in which c works, is greater than that in which d 
works. If the piston, d^ is half an inch in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
676 times greater than that on d. Therefore, if we supj>ose 
the pressure of the small piston to be one ton, the large piston 
will be forced up against any resistance, with a pressure equal 

What is the hydrostatic bellows 1 What property of water is this imtro- 
ment desi^ied to show? Explain fig. 84. Where u the piston 1 Which k 
ihe pump Darrel, in which it works f In the hydrostatic press, what is the 
proportion between the pressiue ghr«n by the sniall piston, and the fioce «x» 
trted an the laijge one? 




100 HYDROSTATICS. 

to the weight of 676 tons. It would be easy for a ripgle man 
to give the pressure of a ton at d!, by means of the lerer, and 
therefore a man, with this engine, would be able to ezeit a 
force equal to the weight of near 600 tons. 

It is evident, that the force to be obtained by this principle, 
can only be limited by the strength of the materials of which 
the engine is made. Thus, if a pressure of two tons be given 
to a piston, the diameter of which is only a quarter of an mch, 
the force transmitted to the other piston, if three feet in dia- 
meter, would be upwards of 40,000 tons ; but such a force is 
much too great for the strength of any material with which 
we are acquainted. 

A small quantity of water, extending to a great eleration, 
would give the pressure above described, it being only for the 
sake of convenience, that the forcing pump is employed, in- 
stead of a column of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced- among mountains, by a small 
quantity of water finding its way to a reservoir in the crevices 
of the rocks far beneath. 

Fig. 85. Suppose, in 

the interior of 
a mountain, ^at, 
86, there shouM 
be a space of 
lOvards square, 
and an inch 
deep, filled with 
water, and clo 
sed up on aU 
sides; and sup- 

pose that in the 

course of time, a small fissure, no more than an inch in dia- 
meter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

What is the estimated force which a man could cive hy one of these en- 
gines 1 If the pressure of two tons be made on a piston of a quarter of an 
mch in diameter, what will be the force transmitted to the otaer piston of 
three ftet in diamet^l What issaidoftheprMBunofwaterinkbeczevioef 
of mountains, and the consequences 1 
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Water Level. 
We liaTe seen, that in whatever situaticm water is placed, it 
alwajs tends to seek a level. Thus, if sererai vessels com- 
municating with each other be filled with water, the fluid will 
be at the same height in all, and the level will be indicated by 
a straight line drawn through all the vessels, as in fig. 80. . 

It is on the principle of 3iis tendency, that the litUe instru- 
ment called the ioater level is constructed. 

Fig. 86. • The form of this instru 

ment is represented by fig. 
86. It consists of a, &, a 
tube, with its two ends 
turned t^t right angles, and 

io/ left open. Into one of the 

ends is poured water or mercury, until me fluid rises a little 
in the angles of the tube. On the surface of the fluid, at 
each end. are then placed small floats, carrying upright frames, 
across wnich are drawn smell wires or hairs, as seen at c and 
d. These hairs, are called the sights, and are across the Hue 
of the tube. 

It is obvious that this instrument will always indicate a le- 
vel, when the floats are at the same height, in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of the instrument be held 
lower than the other, still tlie floats must always be at the same 
height. To use this level, therefore, we have only to bring the 
two sights, so that one will range with the other ; and on pla- 
cing the eye at c, and looking towards d, this is determineci in 
a moment. 

This level is indispensable in the construction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain. 

Fig. 87. Tlie common spirit level consists of 

a glass tube, fig. 87, filled with spirit of 
wine, excepting a small space in which 
there is left a bubble of air. This 
bubble, when the instrument is laid on 

On what principle is the water-level constructed? Describe the manner 
tn which the level with ashts is used, and the reason why the floats will al- 
ways be at the same height. What is the use of the level 1 Describe ibfi 
common spirit level, and the method of using it 

9* 
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a level sur&ce, will be exactly in the middle of the tlibe, and 
therefore to adjust a level* it is only necessary to bring the 
bubble to this position* 

The glass tube is enclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in tlie figure. 

This instrument is employed by builders to level their work, 
and is highly convenient for that purpose, since it is only ne- 
cessary to lay it on a beam to try its level. 

Specijic Gravity. 

If a tumbler be filled with water to the brim, and an egs, oi 
any other heavy solid, be dropped into it, a quantity of the 
fluid, exactlv equal to the size of the egg, or other solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

Now, it is found, by experiment, that when any solid sub- 
stance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to the weight of the bulk of water which 
it dispmces. This is readily made evident by experiment. 

Fig. 88. Take a piece of ivory, or 

any other substance that will 
sink in water, and weigh it 
accurately in the usiial man- 
ner; then suspend it by a 
thread, or hair, in the empty 
•cup a, fig. 88, and then ba- 
lance it, as shown in the 
figure. Now pour water into 
the cup, and it will be found 
that the suspended body will 
lose a part of its weight, so 
that a certain number of erains must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, show the weight of a quantity of water equal 
to the bulk of the body so suspended. 

When a solid is weighed in water, why does it lose a part of its weight? 
How much less will a cubic inch of any substance weigh in water than in 
air 1 How is it proved by fig. 88, that a brdy weighs less in water than in 
air 'i What is the specific gravity of a bod^ 1 How are the specific gravities 
Ofsofid bodies taken ? 




^ 
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ft in on the principle, that bodies wei^h less in the water, 
than they do wnen weighed out of it, or m the air, that water 
becomes the means of ascertaining their specific gravities, for 
it is by comparing the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in wa*er, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that ^old, bulk for 
bulk, is nineteen times lieavier than water, and thus 19 would 
be tlie specific gravity of gold. And so if a cube of copper 
weigh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for bulk, is 9 times as heavy as water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk, than water, it is obvi- 
ous that it will not sink in it, and therefore weights must be 
added to the lighter body, to ascertain how much less it weighs 
than water. 

The specific gravity of a body, then, is merely its weight, 
compared with me same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, ^ 
first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it from the bottom of the scale-dish, in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the scale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difierence between the weight of the body in air, and in 
water. 

It is obvious, that th^ greater the specific gravity of the body, 
tlie less, comparatively, will be this difTerence, because each 
body displaces only its own bulk of water, and some bodies of 
the same bulk, will weigh many times as much as others. 

For example, we will suppose that a piece of platina, weigh- 
mg 22 ounces, will displace an ounce of water, while a piece 
of silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, will require one ounce to make the scales balance. 

Why does a heavy body weigh comparatively leas in the water than a 
fight one 1 
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while the flame weight of silver will require two ounces foi 
the same purpose. The platina, therefore, bulk for bulk, wii] 
weigh twice as much as the silver, and will have twice as 
mudb specific gravity. 

Having noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air, by the loss in 
water. The greater the loss, therefore, the less will/ be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 522, while that 
of silver is 11. The specific gravities of these metals, are, 
however, a little less than here estimated. [For other rdeihods 
of taking specific gravity ^ see Chemistry.] 

Hydrometer. 

The hydrometer is an instrument, by which the specific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces. 

Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and when weighed in alcohol, on^r 209 grains, 
then, according to the principle already recited, a cubic inch 
of water actually weigns 253, and a cubic inch of alcohol 
209 grains, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by""ascertaining 
what a given bulk of any substance weigjis in water, and then 
what it weighs in any other fluid, the comparative weight of 
water and this fluid will be known. For if, as in the above 
example, a certain bulk of water weighs 253 grains, and the 
same bulk of alcohol only 209 grains, then alcohol has a spe- 
cific gravity, nearly one fourth less than water. 

It is on this principle that the hydrometer is constructed. 

Having taken the difference between the weight of a body in air and in 
water, by what rate ia its specific gravity fornid 1 Give the example stated, 
and show how the difference between the specific gravities of platina and silver 
is ascertained. What is the hydrometer f Suppose a cubic inch of any sub- 
stance weighs 253 grains less in water than in air, what is the actual weight 
9f a cubic inch of water ? On what principle is the hydrometer foimdra 1 
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It 18 eompofled of a hollow hM of glass, or metal^ with a gra« 
dnated soda nmng from its upper part, and a weight on its 
imder part, wliich serves to bamnce it in the fluid. 



Pig. 89. 




Buch an instrument is represented by fig. 
89, of which & is the graduated scale, and a 
the weight, the hollow ball being between 
them. 

To prepare this instrument for use, weights, 
in fframs, or half grains, are put into the little 
ball 0, until the scale is carried down, so that 
a certain mark on it coincides exactly with the 
surface of the water. Th is mark then becomes 
the standard of comparisun between water and 
any other liquid, in which the hydrometer is 
placed. If plunged into a fluid lighter than 
water, it will sink, and consequently the fluid 
will rise higher on the scale. If the fluid is 
heavier than water, the scale will rise above 
the surface in proportion, and thus it is ascertained, in a mo- 
ment, whether any fluid has a greater or less specific gravity 
than water. 

To know precisely how much the fluid varies from the stand- 
ard, the scale is marked off into decrees, M'hich indicate grains 
by weight, so that it is ascertainea, very exactly, how much 
thespecific gravity of one fluid diflers from that of another. 

Water being the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, and is therefore 1, 10, 100, or 1000, the ciphers being 
added whenever there are fractional parts expressing the speci- 
fic gravity of the body. It is always understood, therefore, that 
the specific gnvitv of water is 1, and when it is said a body 
has a specific g^AVity of 2, it is only meant, that such a body 
is, bulk for bulk, twice as heavy as* waiter. If the substance is 
lighter than water, it has a specific gravity of 0, with a frac- 
tional part Thus alcohol has a specific gravity of 0,809, that 
is 809, water being 1000. 



Hiiw w this iiulRiineiit fbnneu { Uowig the hydromeCer prepared finr use 1 
Mow is it known, by this instnuncnt, whether the • fluid h lighler or heavier 
then water 1 What is the standaid by which the weights of other bodies are 
oompaiedl What is the specific eravi^ of water 1 When it is said that 
tile specific gravity of a^wdy is 2 or 4, what mroniTig is intended to bt 
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By means of thifl instrament, it can be told with great accu- 
racy how much water has been added to spirits, for the great- 
er tne quantity of water, the higher will the scale rise above 
ihe sur&ce. 

The adulteration of milk with water, can also be readily 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by the instrument {See Specific Gravi- 
ty in Chemistry.) 

The Syphon. 
Take a tube, bent like the letter U, and having filled it with 
watei, place a finger on each end, and in this state plunge one 
of the ends into a vessel of water, so that the end in the water 
shall be a little th^ highest, then remove the fingers, and the 
liquid will flow out, and continue to do so, until the vessel is 
exhausted. 

A tube acting in this manner, is called a syphon, and is re- 
presented by fig. 90. The reason why the water flows from 
the end of the tube a, and conse- 
quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from b to a, than from c 
to &, because tlie perpendicular 
height from b to a is the greatest. 
The weight of the water from 6 to a 
falling downwards, by its gravity, 
tends to form a vacuum, or void 
space, in that leg of the tube ; but 
the pressure of the atmosphere on 
the water in the vessel, constantly 
forces the fluid up the other leg of the tube, to fill the void 
space, and thus tne stream is continued as long as any watei 
remains in the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the atmo- 
sphere, and thereforobits explanation properly belongs to Pneu- 
matics. It is introduced here merely for the purpose of illus- 
trating the phenomena of intermitting springs ; a subject which 

properly belongs to Pneumatics. 

Alcohol hasa specific gravity of 809 ; what, in reference to this, is the spe- 
cific glravity ofWater ? In what manner is a syphon made 1 Explain the rea- 
ion miky the water ascends through one 1^ of the syphon, and descends 
through the other. 




^ 
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Some springs, situated on the sides of mountains, flow for a 
while with great violence, and then cease entirely. After a 
time they hegin to flow again, and then suddenly stop, as be« 
fore. These are called intermitting springs. Among iffno- 
rant and superstitions people, these strange appearances nave 
been attributed to witchcraft, or the influence of some snper^ 
iiatural power. But an acquaintance with the laws of nature 
will dissipate such ill founded opinions, by showing that they 
owe their peculiarities to nothing more than naturu syphons, 
existing in the mountains from whence the water flows. 
rig. 91. 




Fig. 91 is the section of a mountain and spring, showing 
how the principle of the syphon operates to produce the eflect 
described. Suppose there is a crevice, or hollow in the rock, 
from a to &, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from the rills/, e, filling the 
hollow, up to tlie line a (2, it will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon b, when it will cease. Then 
the water from the rills continuing to run until the hollow » 
again filled up to the same line, the syphon again begins to 
act, and again discharges the contents of the reservoir as be- 
fore, and thus the spring p, at one moment, flows with great 
violence, and the next moment ceases entirely. 

The hollow, above the line a d, is supposed not to be filled 
with the water at all, since the syphon begins to act whenever 
the fluid rises up to the bend d. 



What is an intermitting sprii^ ? How is the phenomenon of the ii^r- 

mitting spring explained 1 Explain fig. 91, and show, the reaaon wh *" ' 

spring v.u^ flow, and cease to now, alternately. 
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During the dry seuons of the year, it is obvious, dmt rtdi 
ft sprinff would cease to flow entirely, and would bedn again 
oiuy yimen the water from the mountain filled the cavity 
tkroi^h the rills. 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
England. The people in the neifirhborhood, as usual, ascri- 
bed its actions to some sort of witchery, and advised the doctor, 
in case it did not ebb and flow readily, when he and his friend 
were both present, that one of them should retire, and tee 
what the spring would do, when only the otlier was present 



HYDRAULICS. 

It has been stated, that Hydrostatics is that branch of Natn 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of fluuls, and that Hydraulics' nas for its object the 
investigation of the laws which regulate fluids in motion. 

If the pupil has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of solids in the same, 
directiou. 

Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and supK 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottom of the vessel 
will be nine pounds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with tlie 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
faeiffht the column is carried. 

Now the pressure of fluids is exactly in the same proportion ; 
and when confined iii pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportion to their number and height. 

How does the fldenoe of Hydrostatics difier from that olrHydrauIics ? Does 
the downwaid pressaro of water differ from the downward pressuxe of solids, 
in proportion ? How is the downwaid pressuro of wster illustrated ? 
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1%^93. Thus, notwithstanding the lateral pressure of 
* fluids, their downward pressure is as their heights. 
This fact will he found of importance in tlie inves* 
tigation of the principles of certain hydraulic ma- 
^ cmnes, and we have therefore endeavoured to im- 
press it on the mind of the pupil by fig. 92. where 
It will be seen, that if the pressure of three feet of 
water be equal to nine pounds on the bottom of 
.jgihe vessel, me pressure ol twelve feet will be equal 
to thirty-six pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, will be in propor- 
tion to the height of the column of water above it, 
for the discharge will increase in velocity, in pro- 
portion to the pressure, and the pressure, we have 
already seen, will be in a fixed ratio to the 
height 

If a vessel, fig. 93, be fil- 
led with water, and three 
apertures be made in its side 
at the points a, b, and c, the 
fluid will be thrown out in 
jets, and will fall towards the 
earth, in the curved lines, a, 
ft, and c. The reason why 
these curves difler in shape, 
is, that the fluid is acted on 
by two forces, namely, the 
pressure of the water -above 
the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. It therefore obeys the 
same laws that solids do when projected forward, and fiills 
down in curved lines, the shapes of which depend on their 
relative velocities. 

The quantity of water, discharged, being in proportion to 
the pressure, that discharged from each orifice will difi*er in 
quantity according to the height of the water above it 

It is found, however, that the velocity with which a vess^ 

■ ■11 II II. I.I .■■ 

WiUiout reference to the lateral piessuie, in what froportion do fluids praM 
dowRwaidsl What wiU bethe proportion of a fluid discharged flrom aa oq- 
floeof agiTennzel Why do^hehnm described bv the jets fiomthafveML 
fig. 93, differ in diape? » 

10 
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dinebarfes ils coiilttDtSy does not d^Mnd entiiely on the pres- 
8qi«, but in part on the kind of orifice through which the 
liqud flows. It might be exnected, for instance, that a tin 
▼easel of a giren capacity* wiUi an orifice of say an indi in 
diameter throuj^h its side, would part with its contents sooner 
than another of the same capacity and orifice, whose side was 
an inch or two thick, since the friction through the tin mi^ht 
be considered much less than that presented by the other 
orifice. But it has been found by experiment, that tlie tin 
vessel does not part with its contents so soon as another vessel, 
of the same height and size of orifice, from which the water 
flowed throuo[h a sbort pipe. And, on varying the length of 
these pipes, it is found that the most rapid discharge, other 
circumstances being equal, is through a pipe, whose length 
is twice the diameter of its orifice. Sucn an aperture ms- 
charged 82 quarts, in the same time that another vessel of 
tin witnout the pipe, discharged 62. quarts. 

This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
difierent directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and dirown into 
confusion by the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, ana hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

Friction between solids and fluids. 
The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
their internal surfaces. Thus, a lead pipe witli a smooth aper- 
ture, under the same circumstances, will convey much more 
water than one of wood, where the surface is rough, or beset 
with points. In pipes, even where the surface is as smooth as 

What tm> ibroes act upon the fluid aB it is discharsed, and how do theM 
Ibrces produce a curved hue t Does the velocity with which a fluid is dis> 
ohaigea, depend entirely on the pressure 1 What circumstance, besides pre»> 
sura, facilitatos tho discharge of water from an orifice 1 In .a tube discharg- 
ing water with the greatest velocity, what is the proportion between its dia- 
meter and its length 1 What is the proportion between the quantity of fluid 
dischaifficd through an ozifice of tin, and throueh a shoit pipe 1 Siq>poBe a 
lead and a fflass tube, of the same diameter^ which wiU^nlehyer the gveatoil 
quantity of liquid in the same time 1 
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glass, there is still considerable friction, for in all ^sases the 
water is found to pass more rapidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

The sudden turns, or angles of a pipe, are also found to be 
a considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into eddies or currents, by 
which its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, 
and where it is necessary that the pipe should change its direc- 
tion, it is done by means of as large a circle as convenient. 

Where it is proposed to convey a certain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the engineer takes into account the friction, and the turn- 
ings of the pipes, and makes large allowances for these cir- 
cumstances. If the quantity to be actually delivered ought to 
fill a two inch pipe, one of three inches will not be too great 
an allowance, if the water is to be conveyed to any consider^' 
able distance. 

In practice, it will be found that a pipe of two inches in 
diameter, one hundred feet long, will discharge about five ' 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the effect of this cause is 
much greater in proportion, in the small tube, than in the 
large one. 

The effect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
On- the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. For the same rea- 
son, the water at the bottoms of rivers is much less rapid than 
at the surface. This is often proved by the oblique position 
of floating substances, which m still water would assume a 
vertical direction. 

Why will the glass tube deliver most 1 What is said of the sudden tim- 
ings of a tube io letaidinff the motion of the fluid 1 How mudi more water 
md a two inch tube of a nundred feet long discharge, than a one indi tube 
of the same length 1 How is this difference accounted lot 1 How do livenl 
show the effect of fiiction in retarding the motion of their waters 1 
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Thus, suppose the stick of wood ^ 11^ 
94, to be loaded at one end with lead, oi 
the sajne diameter as the wood, so as to 
make it stand upright in still water. Xn 
the current of a nver, where the lower 
end nearly reaches the bottom, it will in- 
cline as in the figure, because the water 
is more rapid towards the surface than at 
the bottom, and hence the tendency oi 
the upper end to move faster than the low 
er one, gives it an inclination forward. 

Machines for raising water. 

The common pump, though a hydraulic machine, depend? 
on the pressure of the atmosphere for its effect, and therefore its 
explanation comes properly under the article Pneumatics, where 
the consequences of atmospheric pressure will be illustrated. 

Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article. 

Among these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes, and which was invent- 
ed by that celebrated philosopher, two hundred years before 
the Christian era, and then employed for raising water and 
draining land in Egypt 




In consists of a large tube, &f^. 05^ coiled around a shaA 
of wood to keep it in place, and give it support Both ends of 

EIzpAain fig. 94. Who is said to have been the inventor of Archiroedeif 
tcrew % Explain this machine, as represented in fig. 95, and show how tha 
water is derated by turning it 
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die tnbe are open, the lower one being dipped into the water . 
to be raised, and the upper one discharging it in an intermit-^ 
tinff stream. The shaft turns on a support at etfch end, that 
at Uie upper end being seen at a, the lower one being hid by 
the water. As the machine now stands, the lower bend of 
the screw is filled with water, since it is below the surface c, d. 
On turning it bjr the handle, from left to right, that part of 
the screw now filled with water will rise above the surface c, (2, 
and the water having no place to escape, falls into the jiext 
lowest part of the screw at c. At the next revolution, that 
portion which, during the last was at e, will be elevated to g*, for 
tiie lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus by a continuance of this 
motion, the water is finally elevated to the discharging orifice p. 
This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
wi Ji one end in a dish of water, as shown in the figure. 

Fig. 96. Instead of this method, water was some* 

times raised by the ancients, by means of a 
d rope, or bundle of ropes, as shown at fig. 

1 HF This mode illustrates in a very striking 

manner the force of friction between a solid 
and fluid, for it was by this force . alone, 
that the water was supported and elevated. 
The large wheel a,, is supposed to stand 
ic over the well, and 6, a smaller wheel, is 

A fixed in the water. The rope is extended 

A between the two wheels, and rises on one 

IP side in a perpendicular direction. On turn- 

ing the wheel by the crank d, the water is 
brought up by the friction of the rope, and 
falling into a reservoir at the bottom of the 
frame which supports the wheel, is discharged at the spout d. 
It is evident that the motion of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any con- 
siderable quantity of water by this method. But when the 
upward velocity of the rope is eight or ten feet per second, a 
large quantity of water may be elevated to a considerable 
height by this machine. 

For the different modes of applying water as a power for 

How may the principle of Archimedes' screw be readily illustrated 1 Ex- 
plain in whiat maimer water is raised by the machine represented by fig. 90^ 

10* 
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dnving tnHls, ftnd otter useful Dur]po6e8, we tnust refer the 
reader to works on practical mecnanics. There is, howevcrf 
one method of turning machinery b^ water, invented by Dr 
Barker, which is stricUy a philosophical, and at the same time 
a most curious inyention, and therefore is properly introduced 
here. 

^- 97. This machine is called Barker's 

gf li ^^ centrifugal mill, and such parts of il 
as are necessary to understand the 
principle on which it acts are rep- 
resented by fig. 97. 

The upright cylinder a, is a tube 
which has a funnel shaped mouth, 
for the admission of the stream oi 
water from the pipe h. This tube is 
six or eight incnes in diameter, and 
may be trom ten to twenty feet long. 
The arms n and o, are also tubes 
communicating freely with the up- 
right one, from the opposite sides of 
which they proceed. The shaft rf, 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are closed 
at their ends, near which there are orifices on the sides op- 
posite to each other, so that the water spouting from them, 
will fly in opposite directions. The stream from the pipe 6, 
is regulated by a stopcock, so as to keep the tube a constantly 
full without overflowing. 

To set this engine in motion, suppose the upriffht tube to 
be filled with water, and the arms n and o, to be given a 
slight knpulke \ the pressure of the water from the perpendi- 
cular column in tlie large tube will give the fluid a velocity ot 
discharge at the ends of the arras proportionate to its height. 
The reaction that is produced by the flowing of the water on 
the points behind the dischar^ng orifice, will continue, 
and increase the rotatory motion thus begun. After a 
few revolutions, the machine will receive an additional im- 
pulse by the centrifugal force generated in the arms, and 
What is fig. 97 intended to lepresent 7 Desciibe this mUl. 
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in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pres- 
sure of that in the upright tnbe alone. The centrifu^l force 
and the force of the discharge thus acting at the same time, and 
each increasing the force of the other, this machine revolves 
with ^eat velocity and proportionate power. The friction 
which it has to overcome, when compared with that of other 
machines, is very slight, being chiefly at the point c, where 
the weight of the upnght tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

Where the quantity of water is small, but its height consi- 
derable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerful en- 
gines ever invented. ^ 



PNEUMATICS. 

The term Pneumatics is derived from the Greek pnenma^ 
which signifies breath, or air. It is that science which investi- 
gates the mechanical properties of air, and other elastic fluids. 

Under the article hydraulics, it was stated that fluids were 
oi two kinds, namely, elastic and non-elastic, and that air and 
the gases belonged to the first kind, while water and other 
liquids belonged to the second. 

The atmosphere which surrounds the earthy and in which 
we live, and a portion of which we take into our lungs at eve- 
ry breath, is caUed air, while the artificial products which 
possess the same mechanical properties, are called gases. 

When, therefore, the word air is used, in what follows, it 
will be understood to mean the atmosphere which we breathe. 

Every hollow, crevice, or pore, in solid bodies not filled 
with a liquid, or some other substance, appears to be filled 
with air : thus, a tube of any length, the bore of which is as 
small as it can be made, if kept open, will be filled with air ; 
and hence, when it is said that a vessel is filled with air, it is 
only meant that the vessel is in its ordinary state. Indeed, this 
fluid finds its way into the most minute pores of all substances, 
and cannot be expelled and kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means. 

- What is pneumatics ? What is air 1 What is gas 1 What is meant when 
it is said that a vessel is filled with air 1 Is there any difficulty in expelling 
"^he air from vessels 1 
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By the elasticUy of air, is meant its spring* or the force 
with which it re-acts when compressed in a dose vessel. It 
is chiefly in respect to its elasticity and lightness, that the me- 
chanical properties of air differ from those of water and othei 
liquids. 

Elastic fluids differ from each other in respect to the per- 
manency of the elastic property. Thus, steam is elastic only 
while its heat is continuea, and jon cooling returns again to 
the form of water. 

Some of the gases also, on heing strongly compressed, lose 
their elasticity, and take the form of liquids. But air differs 
from these, in being permanently elastic ; that is, if it be com- 
pressed with ever so much force, and retained under com- 
pression for any length of time, it does not therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
Fig. 98. re-acts with a force in proportion to the power by 
^ ^3 which it is compressed. 

Thus, if the strong tube, or barrel, fig. 98, be 
smooth, and equal on the inside, and there be fit- 
ted to it the solid piston, or plug a, so as to work 
up and down air tight, by tiie nandle &, the air 
in the barrel may be compressed into a space a 
hundred times less than its usual bulk. Indeed, 
if the vessel be of sufficient strength, and the 
force employed sufficiently great, its bulk may 
be lessened a thousand times, or in any propor 
tion, according to the force employed ; and if 
kept in this state for years it will regain its for- 
j^ mer bulk the instant the pressure is removed. 
^ Thus, it is a general principle in pneumatics, that 
air is compressible in proportion to the force employed. 

On the contrary, when the usual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is in a ratio, as the removal of the pressure is 
more or less complete. Air also expands or increases in 
bulk when heated. 

If the stop-cock c, fig. 98, be opened, the piston a may be 
pushed down with ease, because the air contained in the barrel 
will be forced out at the aperture. Suppose the piston to be 

What is meant by the elasticity of air 1 How does air differ from steam, 
and some of the gases, in respect to its elasticity 1^ Does air lose Us elastic 
Ibice by bemg long compressed 1 In what proportion to the ^roe employ^J 
is the bulk ol^air lessened 1 
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pashed down to within an inch of the bottom, and then the 
stop-cock closed, so that no air can enter below it Now, on 
drawing the piston up to the top of the barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as large, it would still be filled with the ex- 
panded air, because the piston removes the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished in exact proportion ; 
and as the pressure is removed, it will expand in proportion, 
so as to occupy a thousand, or even a million times as much 
space as before. 

Another property which air possesses is weight, or gravity. 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with other ponderous substan- 
ces, is proved by direct experiment. Thus, if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when the air is again 
admitted. 

It is, however, the weight of the atmosphere which presses 

on every part of the earth's surface, and in which we live and 

move, as in an ocean, that here particularly claims our attention. 

Rg. 99. The pressure of the atmosphere may be easily 

shown by the tube and piston, fig. 99. 

Suppose there is an orifice to be opened or closed 
by the valve b, as the piston a is moved up or down 
in its barrel. The valve being fastened by a hinge 
on one side, on pushing the piston down, it will 
open by the pressure of the air against it, and the 
air will make its escape. But when the piston is 
at the bottom of the barrel, on attempting to raise 
it again, towards the top, the valve is closed bv the 
1^ force of the external air acting upon it. If, there- 
fore, the piston be drawn up in this state, it must be 
against the pressure of the atmosphere, the whole 
weight of wnich. to an extent equal to the diameter < 

In what proportion will a quantity of air increase in bulk as the preflsure 
b Yemo¥ed from itl How is this illustrated b^ fig. 98? On what ciream- 
■tanoe, therefore, will the Inilk of a si^ren portion qf air depend 1 How is h 
proved that air hai| weightl Explain in what manner the pveasuie of tbt 
atmoqthere is diown by fig. 99. 
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of the piston must be lifted, while there will remain a inacumn 
or void spo^e below it in the tube. If the piston be only three 
inches in diameter, it will require the full strength of a man 
to draw it to the top of the barrel, and when raised, if sudden- 
ly let go, it will be forced back again by the weight of the 
air, and will strike the bottom with great violence. 

Supposing the surface of a man to be equal to 14i square 
feet, and allowing the pressure on each square inch to be 151bs. 
such a man would sustain a pressure on his whole surface 
equal to nearly 14 tons. 

Nqw, that it is the weight of the atmosphere which presses 
the piston down, is proved by the fact, that if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
lo raise it. And further, if when the piston is drawn to the 
top of the tube, a stop-cock, as at fig. 98, be opened, and 
tlie air admitted under it, the piston will not be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

By accurate experiments, an account of which it is not ne 
cessary here to detail, it is found that the weight of the at 
mosphere on every inch square of the surface of the earth 
is equal to fifteen pounds. If, then, a piston working air tight 
in a barrel, be drawn up from its bottom, the force employed 
besides the friction, will be just equal to that required to lift 
the same piston, under ordinary circumstances, with a weight 
laid on it equal to fifteen pounds for every square inch of sur 
face. 

The number of square inches in the surface of a piston ol 
a foot in diameter, is 113. This being multiplied by the 
weight of the air on each inch, which being 15 pounds, is 
equal to 1695 pounds. Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle one 
foot in diameter, with a weight of 1695 pounds. 

Air Pump* 

The air pump is an engine by which the air can be pump- 
ed out of a vessel, or withdrawn from it. The vessel so ex 

What is the force pressing on the |nston when drawn upward, sometimes 
called ? How is it proved that it is tho weight of the atmosphere, instead ot 
■action, which makes the piston rise with mfficnlty ? What is the pressnre 61 
the atmosphere on every square inch of surface on the earth? What Is 
the number of square inches in a drcte of one fo6t m diameter 1 What k 
the weight of the atmosphere on a surface of a foot in dnmeter 7 



Aia PUMP. 



119 



hMSted k eaUed a receiver^ and the space thus left in the Tea- 
sel, after withdrawing the air, is called a vactmm. 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the form of the instrument itself is often con- 
siderably modified. 

The general principles of its construction will be compre- 
hended by an explanation of ^g, 100. In this figure let ff be 
''^ ^'^ a glass vessel, or receiver, closed at 

the top, and open at the bottom, 
standing^ on a perfectly smooth sur- 
&ce, which is called me plate of the 
air pump. Through the plate is an 
aperture a, which communicates with 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
p works air tiffht through the stuffed 
collar c, and the piston also moves 
air tight through tne barrel. At the 
extremity of the barrel there is a 
valve e, which opens outwards, and 
is closed with a spring. 
Now suppose the piston to be drawn up to c, it will then 
leave a free communication between the receiver g^ through 
the orifice a, to the pump barrel, in which the piston works. 
I1ien if the piston be forced down by its handle, it will com- 
press the air in the barrel between d and e, and in consequence 
the valve e will be opened, and the air so condensed will be 
forced out On drawing the piston up again, the valve will be 
closed, and the external air not being permitted to enter, a 
vacuum wOl be formed in the barrel, from e to a little above d. 
When the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum. 
Thus, there will be less air in the whole space, and conse- 
qaently in the receiver, than at first, because all that contain- 
ed in the barrel is forced out at every stroke of the piston. 




What IS the air pumpi What is the receiver of an air pctmpl What is 
a vactnxm? In fig. 100, which is the receiver of the air pnmpl When the 
piston is pressed down, what quantity of air is thrown out 1 When the pis- 
ton is drawn op, what is fomied in Uie barrel ? How is this vaennm again 
fSIedwithatrT 
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On repeating the same process, that is, drawing up and forcing 
down the piston, the air at each time in the receiver, will be- 
come less and less in quantity, and, in consequence, more and 
more rarefied. For it must be understood, that although the 
air is exhausted at every stroke of the pump, that which re- 
mains, byits elasticity expands, and still occupies the whole 
space. The quantity forced out at each successive stroke is, 
therefore, diminished, until, at last, it no longer has sufficient 
force before the piston to open the valve, when the exhausting 
power of the instrument must cease entirely. 

Now, it will be obvious, that as the exhausting power of the 
air pump depends on the expansion of the air within it, a per- 
feet vacuum can never be formed by its means, for so long as 
exhaustion takes place, there must be air to be forced out, and 
when this becomes so rare as not to force open the valves; 
tlien the process must end. 

A ffood air pump has two similar pumping barrels to that 
described, so that the process of exhaustion is performed in 
half the time that it could be performed by one barrel. 

' Fig. 101. The barrels, with their 

pistons, and the usual mode 
of working them, are re- 
presented by fig. 101. The 
piston rods are fbrnished 
with racks, or teeth, and 
are worked by the toothed 
wheel a, which is turned 
backwards and forwards, 
by the lever and handle. 6. 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver stands, as 
shown in fig. 100. The 
valves tj, n, «, and m, all 
open upwards. 

To understand how these 
pistons act to exhaust the 
air from the vessel on the plate, through the pipe c, we wiD 
suppose, that as the two pistons now stand, the handle b is 




Ig the air pump capable of prodadng a perftct vaeoum 1 Whv do ooia* 
mon air pumps have more than one baml and piaton 1 How an inB pistotti 
of an air pump worked ? 
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to be turned towards the !ef^. This will raise the piston A, while 
the valve u wiil be closed by the pressure of the external air 
acting on it in the open barrel in which it works. There 
woula then be a vacuum formed in this barrel, did not the 
valve m open and let in the air coming from the receiver, 
through the pipe c. When the piston, therefore, is at the up- 
per end of the barrel, the space between the piston and the 
valve m, will be filled with the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will then descend, and compress the air with which the barrel 
is filled, which, acting against the valve v, forces it open, and 
thus the air escapes. Thus it is plain, that every time the 
piston rises, a portion of air, however rarefied, enters the bar- 
rel, and every time that it descends, this portion escapes, and 
mixes with the external atmosphere. 

The action of the other piston is exactly similar to this^ 
only that B rises while A falls, and so the contrary. It will 
appear, on an inspection of the figure, that the aif cannot pass 
from one barrel to the other, for while A is rising, and the* 
valve m is open, the piston JB will be descending, so that the 
force of the air in the barrel B, will keep the valve n closed. 
Many interesting and curious experiments, illustrating the 
expansibility ana pressure of the atmosphere, are shown by 
this instrument. 

If a withered apple be placed under the receiver, and the 
air is exhausted, the apple will swell and become plump, in 
consequence of the expansion of the air which it contains 
within the skin. 

Ether placed in the same situation, soon begins to boil with- 
out the influence of heat, because its particles, not having the 
pressure of the atmosphere to force them together, fly off widi 
so much rapidity as to produce ebullition. 

The Condenser^ 

The operation of the condenser is the reverse of that o( the 
air pump, and is a much more simple madbine. The air pumpi 



While the piston A k aaoending, which valves vvill he open, and vHiieb 
dosed 1 When the piston A deso^ids, what beoomes of the air with whidi 
its bane! was filled t Whjr does not the air pan from one band to the othir. 
Ihroogh the valves m and nl Why does an appfe placed m the fyhaayttaa 
neeiver grow phimpi Why does ethar boil m the same dtnalionl How 
does the eondeiMMr openito % 

11 
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•f we have just seen, will deprive a vessel of its ordinary 
qnantity of air. The condenser, on the contrary, will double, 
Fig. 103. or treble the ordinary quantity of air in a dose 
vessel, according to the force employed. 

This instrument, fig. 102, consists of a pump 
barrel and piston a, a stop-cock 6, and the vessel 
c fiurnished with a valve opening inwards. The 
orifice <2 is to admit the air, when the piston is 
drawn up to the top of the barrel. 

To describe its action, let the piston be above 
d, the orifice, being open, and therefore the instru- 
ment filled with air, of the same density as the 
external atmosphere. Then, on forcing the piston 
down, the air in the pump barrel, below the ori- 
fice d, will be compressed, and will rush through 
the stop-cock b, into the vessel c, where it will be 
retained, because, on again moving the piston up- 
ward, Ihe elasticity of the air will close the valve 
through which it wag forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice d, ana on forcing it dQwn, this will also be dri- 
ven into the vessel c; and this process may be continued as 
long as sufficient force is applied to move the piston, or there 
is sufficient stren^ in the vessel to retain the air. When the 
eondensation is finished, the stop-cock b may be turned, to 
render the confinement of the air more secure. 

The magazines of air guns are filled in the manner above 
described. The air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet For this purpose, a strong hollow ball of copper, with 
a valve on tiie inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or maga- 
zine is then taken from the condenser, and screwed to ue 
ffun, under the lock. By means of the lock, a communication 
IS opened between the magazine and the inside of the gun- 
barrel, on which the spring of the confined air against the 
leaden bullet is such, as to mrow it with nearly the same force 
as gun-'powder. 




Explain fig. 103, and show hi whalmamiBr the air bcan^^ Ezptaia 
tbB ^odple of the air goiL 
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Suppose a, fiff. 103, to be a lon^ tube with the 
piston 5, so nicely fitted to its mside, as to work 
air tight If the lower end of the tube be dip- 
ped into water, and the piston drawn up by pul- 
ling at the handle c, the water will follow the 
piston so closely ^s to be in contact wi^b^ts sur- 
face, and apparently to be drawn up by the pis- 
ton, as though tlie whole was one solid body. 
If the tube be thirty-five feet long, the water 
will continue to follow the piston, until it comes 
to the lieight of about thirty-three feet, where it 
will stop, and if the pistcn be drawn up still far- 
ther the water \vill not follow it, but will remam 
stationary, the space from this height, between 
the piston and the water, being left a void space, 
or vacuum. 

The rising of the water in the above case, 
which only involves the principle of the common 
^pump, is thought by some to be caused by suctionf 
• the piston sucking up the water as it is drawn 
upward. But according to the common notion 
attached to this term, there is no reason why the 
water should not continue to rise above the thirty-three feet, or 
\yhy the power of suction should cease at that point, rather 
than at any other. Without entering into any discussion on 
the absura notions concerning the power of suc^on, it is suffi- 
cient' here to state, that it has long since been proved, that the 
elevation of the water in the case above described, depends 
entirely on the weight and pressure of the atmosphere, on that 
portion of the fluid which is on the outside of the tube. Hence, 
^ when the piston is drawn up, under circumstances where the 
air cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid will follow. This will be obvious, 
by the following experiment. 

Suppose the tube, fig. 103, to stand with its lower end in the water, and the 
piston a to be drawn upward thirty -five feet, how &x will the water follow the 
piitonl What will remain in the tube between the piston and the water, 
after the piston rises higher than thirty-three fert 1 What is commonly sup- 
posed to make the water rise in such cases ? la there any reason why ue 
raction should cease at 33 feet 1 What is the true cause of the etevatioD of 
(he water, when the piston, fig. 103, is drawn upl 
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F^_ lOi. Suppose fig. 104^ to be the sections, or halves of 
two tubes, one within the other, the outer one be- 
ing made entireljr dose, so as to admit no air, and 
the space between the two being also made air-ti^ht 
at the top. Suppose, also, that the inner tube be- 
ing lefl open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open space 
be left between tlie two tubes every where, except 
at their upper ends, where they are fastened toge- 
ther ; and suppose that there is a valve in the piston, 
opening upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at a, and 
m this state potir water through the stop cock, c, 
until the inner tube is filled up by the piston, and the 
U space between the two tubes filled up to the same 
point, and then let the stopcock be closed. If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case first describ- 
ed ; it will only rise a few inches, in consequisnce 
of the elasticityof the air above the water, between 
the tubes, and in the space above the water, there 
will be formed a vacuum between the water and 
the piston, in the inner tube. 

The reason why the result of this experiment 
difiers from that before described, is, that the outer tube pre- 
vents the pressure of the atmosphere from forcing the water up 
the inner tube as the piston rises. This may be instantly proved, 
by opening the stop-cock c, and permitting the air to press up- 
on the water, when it will be found, that as the air rushes in, 
the water will rise and fill the vacuum, up to the piston. 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on the surface, 
so that no air can press upon the fluid, the piston of the pump 
might be worked in vain, for the water would not, as usual, 
obey its motion. 

It follows, as a certain conclusion from such experiments, 
that when the lower end of a tube is placed in water, and 
the air from within is removed by drawing up the piston, that 

EbyvriBit ihown by fi^. 104, that it is the pressure of the atmosphere which' 
causes the water to rise ui the pump barrel 1 Suppose the ice preyents thA 
atmosphere from prosong on the water in t fesse^. can the water be pomp- 
tdoutl 
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U 18 the pressure of the atmosphere, on the water around ihe 
tube, which forces the fluid up to fill the space, thus left bj the 
air. It is also proved, that the weight, or pressure of the. aUnos- 
]phere, is equal to the weight of a perpendicular column of water 
d3 feet high, for it is found (fig. 103,) that the pressure of tiie 
atmosphere will not raise the water more than 33 feet, though 
a perfect racuum be formed to any height above this point. 
Expenments on other fluids, prove that this is the weight of 
the atmosphere, for if the end of a tube be dipped in any fluid, 
and the air be removed from the tube, above the fluid, it will 
rise to a greater or less height, than water, in proportion as 
its specific gravity is less or greater than that of water. 

Mercury, or quicksilver, has a specific gravity of about 131 
times greater than that of water, and mercury is found to rise 
about 29 inches in a tube under the same circumstances that 
water rises 33 feet. Now 33 feet is 396 inches, which, being 
divided by 29, gives nearly 13i, so that mercury being 13l 
times heavier than water, the water will rise under the sams 
pressure 131 times higher than the mercury. 
Barometer. 

ThebarometeriB constructed on the principle of atmospheric 



Fig. 105. 
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pressure, which we have thus endeavoured to 
explain and illustrate to common comprehen- 
sion. This term is compounded of two Greek 
words, haroSy weight, and metron, measure, the 
instrument being designed to measure the 
weight of the atmosphere. 

Its construction is simple, and easily under- 
stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid, and the upper end 
furnished with a scale, to measure the height 
of the mercury. 

Let a, fig. 105, be such a tube, 34 or 35 
inches long, closed at one end and open at the 
other. To fill the tube, set it upright, and 
pour the mercury in at the open end, and 



What conclusion follows from the expcrimente above described 1 How is 
It proved, that the pressure of the atmosphere is equal to the weight of a 
cohiinn of water, 3§ feet high 1 How do experiments on other fluids show 
that the pressure of the atmosphere is equal to the weight of a column of 
water 33 feet hkrh 1 How fa^ does mercury rise in an ezlimtS^ tube? 
What ii the principle on which the barometer is con8truct<* ' 
flke barometer measure 1 
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when it is entirely full, place the fore finger forcibly on thj» 
end, and then plunge the tube and finger under the surface 
of die mercury, before prepared in the cup b. Then with- 
draw the finger, taking care that in doing this, the end of the 
tube is not raised above the mercury in the cup. When the 
finger is removed, the mercury will descend four or five inch- 
es, and after several vibrations, up and down, will rest at an 
elevation of 29 or 20 inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
tube to indicate the rise and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany oi 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube, so that it can be trans 
ported without danger of spilling the mercury. 

The cup of the portable barometer also differs from that 
described, for were the mercury inclosed on all sides, in a 
cup of wood, or brass, the air would be prevented from acting 
upon it, and therefore the instruqfient would be useless. To 
remedy this defect, and still have the mercury perfectly in- 
closed, the bottom of the cup is made of leather, which, be- 
ing elastic, the pressure of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at all 
Below the leather bottom there is a round plate of metal an 
inch in diameter, which is fixed on the top of a screw, so 
that when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to the top ol 
the tube and thus kept from playing backwards and forwards, 
when the barometer is in motion. 

A person not acquainted with the principle of the instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still ereater. But as philosophical facts, one is no 
more wonderful than the other, and both are readily explained 
by the principles above illustrated. 

Describe the construction of the barometer, as represented by fig. 105. 
How is the cup of the portable barometer made, so as to retain the meieuiy, 
and still allow the air to press upon it 1 What is the use of the metallic 
plate and screw, under the bottom of the cup 'i Explain the reason why the mer- 
muy does not fail out of the barometer tube, irhen its open end is downwards. 



BAROMETER. 127 

It has already been shown, that it is the pressure of the 
atmosphere on the fluid around the tube, by which die fluid 
within it is forced upward, when the pump is exhausted of 
its air. The pressure of the air we have also seen, is equal 
to a cofumn of water 33 feet high, or of a cohunn of mercury 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, the air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, the 
effect would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end being closed, 
the air could ^ain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
0ence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

The same happens to the barometer tube, when filled with 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air, so that when it 
is inverted in the cup, all the space above 29 inches is left a 
vacuum. The same effect precisely would be produced, were 
the tube exhausted of its air, and the open end placed in the 
cup ; the mercury would run up the tube 29 inches, and then 
stop, all above that point being left a vacuum. 

The mercury, therefore, is prevented from falling out of .the 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the barometer described, the rise and fall of the mercury 
is indicated by a scale of inches and tenths of inches, fixed 
behind the tube ; but it has been found, that very slight vari- 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable tlmt 
these minute changes should be rendered more obvious, a con- 
trivance for increasing the scale, called the wheel barometer 
was invented. 

What /ills the space above 29 inches, in the barometer tube 1 In the coin, 
mon bar imeter how is the rise and fall of the mercuiy indicated 1 Why was 
the wheel bazcxDeter invented 1 
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Fig. 108. The whole len^ of the lube of the wheel ha • 
rometer, fiff. 106, from c to a, is 34 or 35 inches, 
and it is filkd with mercury, as usual. The mer- 
cury rises in the short leff to the point o, where 
there is a small piece of ^ass floating on its sur- 
face, to which there is attached a silk string, 
passing over the pulley p. To the axis of the 
pulley is fixed an index, or hand, and behind 
this is a graduated circle, as seen iri the figure. 
It is obvious, that a very slight variation in the 
height of the mercury at o, will be indicated by 
a considerable motion of the index, and thus 
changes in the weight of the atmosphere hardly 
perceptible by the common barometer, will be- 
come quite apparent by this. 

The mercury in the barometer tube being sus- 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 29 inches, it might be expected that 
if the instrument was carried to a height from 
the earth's surface, the mercury would suffer a proportionate 
fall, because the pressure must be less, at a distance from the 
earth than at its surface, and experiment proves this to be 
the case. When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes per 
ceptible. Even when it is carried to the top of a hill, or high 
tower, there is a sensible depression of the fluid, so that tnc 
barometer is employed to measure the heights of mountains^ 
and the elevation to which balloons ascend from the surface 
of the earth. On the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the medium elevation of 
the mercury in the tube is only 14 inches, while on the sur- 
face of the earth, as above stated, it is 29 inches. 

The medium range of the barometer in several countriest 
has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for the term of 22 years, that its range there was nearly 
30 inches. 

Explain fig. 106, and describe the construction of the wheel barometer. 
What is stated to be the mecfium range of the barometer at the surface of 
tibie eartiiil Suppose the instrument is elevated from the earth, what is the 
eifiBCt on the mercury 1 How does the barometer indicate the heights oi 
mouutains 1 What is the medium range of the mercury on Mont Blanc 1 
What is stated to be the medhun range of the baiomeler at Cambridgel 
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WhOe the barometer stands in the same place, near the lere^ 
of the sea, the mercury seldom or never falls below 28 inches, 
or rises above 31 inches, its whole range, while stationary, 
beinff only about 3 inches. 

These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing these variations in the heiffht of the mercury, that when 
it falls, cloudy or falling weather ensues, and that when it 
rises fine clear weather may be expected. During the time 
when the weather is damp and lowering, and the smoke of 
chimnies descends towards the ground, tne mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is when the sky is clear. This 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of fog and smoke, and 
that it is the uncommon weight of the atmosphere which press- 
es these vapours towards the ground. A little consideration 
will show, that in this case the popular belief is erroneous, for 
not only the barometer, but all the experiments we have de- 
tailed on the subject of specific gravity, tend to show that the 
lighter any fluid is, the deeper any substance of a given weight 
will sink m it. Common observation ought, therefore, to cor- 
rect the error, for every body knows that a heavy body will 
sink in water while a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
would be pressed up into the higher regions, by a heavier air. 

The principal use of the barometer is on hoard of ships, 
where it is employed to indicate the approach of storms, and 
thus to give an opportunity of preparing accordingly ; and it 
is found that the mercury suffers a most remarkable depression 
before the approach of violent winds, or hurricanes. The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, takes his measures without delay to meet the 
tempest. During a violent storm, we have seen the wheel 
barometer sink a hundred degrees in a few ho urs. But we 

How many inches does a fixed barometer vary in height 1 When the 
mercury falls, what kind of weather is indicated 1 When the mercury rises, 
what lund of weather may be expected 1 When fog and smoke descend 
towards the ground, is it a sign of a light or heavy atmosphere'? By what 
analogy is it shown that the air . is lightest when filled with vapour 1 Ot 
what use is the barometer, on board of ships 1 When does the mercury 
suflBar the most remarkable dej^eflaon 1 
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eftanot illnst/ate the use of this histniment at sea better than 
to give the following extract from Dr. Arnot, who was himsell 
present at the time. " It was," he says, ♦' in a southern lati- 
tude. The sun had just set with a placid appearance, closing 
a beautiful afternoon, and the usual mirth of the evening watch 
proceeded, when the captain's orders came to prepare with 
all haste for a storm. The barometer had begun to fall with 
appalling rapidity. As yet, the oldest sailors had not per- 
ceived even a threatening in the sky, and were surprised at 
the extent, and hurry of the preparations ; but the required 
measures were not completed, when a more awful hurricane 
burst upon them, than the most experienced had ever braved. 
Nothing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and masts were in a ffreat measure disabled ; and at 
one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of mercury, which had 
ffiven the warning, neither the strength of the noble ship, nor 
the skill and energies of her commander, could have saved 
one man to tell the tale." 

Pumps. 

There is a philosophical experiment, of which no one in 
this country is ignorant. If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the cider will rise up through the straw, and may be 
swallowed. 

The principles which this experiment involve, are exactl}; 
the same as those concerned in raising water by the pump 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re 
moved. 

The efficacy of the common pump, in raising water, de 
pends upon the principle of atmospheric pressure, which 
nas been fully illustrated under the articles air pump and ba^ 
r om-eter. 

What remarkable instance is stated, where a ship seemed to be saved by 
the use of the barometeif 1 What experiment is stated, as illostrating tfa!t 
principle of the common pump 1 
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These niaehines are of three kmdg, namely, the sueiinft* 
9T common pump, the lifting pump, and the forcing' pump. 
Of these, the common or household 
C pump is the most in use, and for ordinary 
* purposes, the most convenient. It consists 
of a lon^tube, or barrel, called the pump 
log, which reaches from a few feet above 
the ground to near the bottom of the welL 
At fl, fiff, 107, is a valve, opening upwards, 
called the puinp hex, Wiien the pump is 
not in action, this is always shut. The 
piston &, has an aperture through it, which 
IS closed by a valve, also opening upwards. 
By the pupil who has learned what has 
been explained under the articles air 
pump, and barometer, the action of this 
machine will be readily understood. 

Suppose the piston o to be down to a, 
then on depressing the lever c, a vacuum 
would be formed between a and 5, did 
not the water in the well rise, in consequence of the pressure 
of the atmosphere on that around the pump log in the well, 
and take the place of the air thus removed. Then on raising 
the end of the lever, the valve a closes, because the water is 
forced upon it, in consequence of the descent of the piston, 
and at the same time the valve in the piston h opens, and the 
water, which cannot descend, now passes above the valve &^ 
Next, on raising the piston, by again depressing the lever, this 
portion of water is lifted up to 6, or a little above it, while an* 
oUier portion rushes through the valve a to fill its place. 
AAer a few strokes of the lever, the space from the piston h 
to the spout is filled with the water, wnere, on continuing to 
work the lever, it is discharged in a constant stream.' 

Although, in common language, this is called the suction 
pump, still it will be observed, that the water is elevated by 
suction^ or in more philosophical terms, by atmospheric pres- 
sure only above the valve a, afler which it is raised by lifting 

On what does the action of the common pump depend 1 How many kinds 
«f pumps are mentioned 1 Which kind is the common 1 Describe the com* 
mon pomp. Explain how the common pomp acts. When the lever is de- 
pvesBed, what takes place in the pump hmA i When the lever is elevated, 
what takes ptaoe 1 How fiur is the water raised hy atmospheric pressoK, 
and how fitf by lifting 1 
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up to the spout The water, therefore, is pressed into the 
pump barrel by the atmosphere, and thrown out by lifting. 

The lifting; pump^ properly so called, has the piston in ^iie 
lower end of me barrel, and raises the water through the whole 
distance, by forcing it upward without the agency of the a* 
mosphere. 

In the suction pump, the pressure of the atmosphere will 
raise the water 33 or 34 feet, and no more, after which it may- 
be lifted to any height required. 

The forcing- pump differs from both these, in having its pis- 
ton solid, or without a val»re, and also in having a side pipe, 
through which tlie water is forced, instead of rising in a per- 
pendicular direction, as in the others. 

Fig. 108. The forcing pump is represent- 

ed by fig. lOS, where a is a solid 
piston, working air-tight in its 
barrel. The tube c leads from 
' the barrel of the air vessel d. 
Through the pipe p the water is 
thrown into the open air. g* is a 
guage, by which the pressure of 
uie water in the air vessel is as- 
certained. Through the pipe «, 
the water ascends into the barrel, 
n riiTTT — ■ its upper end being furnished 

I ' j 1^ B ^^ » with a valve opening upwards. 
j M I [l ^^^^ ^^ explain the action of this 
list t t 1 ^^ pump, suppose tile piston to be 

^-^tfci-^ J ! il i dbwnto the bottom of the barrel, 

and then to be raised upward by 
the lever Z; the tendency to form 
a vacuum in the barrel will bring 
the water up through the pipe t, 
bv the pressure of the atmos- 
phere. Then on depressing the 
piston, the valve at the bottom of the barrel will be closed, and 
the water, not finding admittance through the pipe whence it 
came, will be forced through the pipe c, and opemng the valve 



P 




How does the liftme pomp differ from the common pump'} How does 
the forcing pmnp differ from the conmion pmup ? Explain fig. 108, and show 
In what manner the water is brought up thiou^ the pipe t, and afterwaxdt 
thrown out at the pipe p. 
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ti its upper end, wiU enter into the air vessel c2^ and be dis* 
eharged through the pipe p, into the open air. 

The water is therefore elevated to the piston bairel by the 
pressure of the atmosphere, and afterwards thrown out by the 
H>rce of the piston. It is obvious that by this arrangement, 
the height to which this fluid may be thrown, will depend ou 
the power applied to the lever, and the strength with which 
(he pumj) is made. 

The air vessel d contains air in its upper part only, the 
lower part, as we have already seen, being filled with Water. 
The pipe p, called the discharging pipe, passes down into the 
water so that the air cannot escape. The air is therefore 
compressed, as the water is forced into the lower part of the 
vessel, and re-acting upon the fluid by its elasticity, throws it 
out of the pipe in a continued stream. The constant stream 
which is emitted from the direction pipe of the fire engine is 
entirely owing to the compression and elasticity of the air in 
its air vessel. In pumps without such a vessel, as the water is 
forced upwards, only while the piston is actiner upon it, there 
roust be an interruption of the stream while the piston is as- 
cending, as in the common pump. The air ve^jsei is a reme- 
dy for this defect, and is found also to render the labour of 
drawing the water more easy, because the force with which 
ihe air m the vessel acts on the water, is always in addition to 
%hat given by the force of the piston. 

Fig. 109. The fire engine is a modifica- 

tion of the forcing pump. li 
consists of two such pumps, the 
pistons of which are moved by 
a lever with equal arms, the com- 
mon fulcrum being ate, fig. 109. 
While the pistop a is descend- 
ing, the other piston 6, is ascend' 
ing. The water is forced by 
the pressure of the atmosphere, 
through the common pipe p^ and 
then dividing, ascends into the 
working barrels of each piston, 
where the valves, on both sides, 
prevent its return. By the alter' 
nate depression of the pistons, 

it is then forced into the air bog 

i¥hT doei not the air okam from the air vessel ia tlus pumpi 
13 
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dt and then hy the (Hrection pipe e, is thrown where it is Wttnt^ 
ed. This machine acts precisely like the forcing pump, only 
that its power is doubled by having two pistons instead of one. 
Fig. 110. There is a beautiful fountain, called ^ 

ihe fountain of Hiero^ which acts by 
the elasticity of the air, and on the 
same principle as that already descri- 
bed. Its construction will be under- 
stood by fig. 1 10, but its form may be 
varied according to the dictates of 
fancy or taste. The boxes a and 5, 
together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube c, 
I reaching nearly to the top of the box, 

I will prevent the water from passing 

p IL downwards, while the spouting pipe 

n ■■■% ^^^ prevent the air from escaping up- 

Hi^^^al wards, after the vessel is about half 

filled witJi water. Next shut the stop cock, of the spouting 
pipe, and pour water into the open vessel d. This will des- 
cend into tne vessel 6, through the tube e, which nearly reaches 
its bottom, so that after a few inches of water are poured in, 
no air can escape except by the tube c, up into the vessel a. 
The air will then be compressed by the weight of the column 
of water in the tube c, and therefore the force of the watei 
from the jet pipe will be in proportion to the height of this 
tube. If this tube is 20 or 30 feet high, on turning the stc p cock, 
a jet of water will spout from the pipe that will amuse and as- 
tonish those who have never before seen such an experiment. 
[For other properties of airy see Chemistry.'] 

ACOUSTICS. 

Acoustics is that branch of natural philosophy which treats 
of the origin, propagation, and effects of sound. 

What efiect does the air vessel have on the stream discharged 1 Why does 
Che air vessel render the labour of raising the water more easy 1 Explain fig. 
lOd, and describe the action of the fire engine. What causes the continuSi 
Aream firom the dixeetionpipe of this enginel Howis theibuntais of Hkm 
ooostructed 'f 
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' When a sonorous, or sounding bod|:.i8 struek, il is dttawtt 
into a tremulous, or vibrating motion. This motion is com* 
munieated to the air which surrounds us, and by the air is con- 
yeyed to our ear drums, which also undergo a vibratory mo« 
tion, and this last motion, Growing the auditory nerves into 
action, we thereby gain the sensation of sound. 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion* the ear per- 
ceives the sound. 

That sound is conveyed to the ear by the motion which the 
sounding body communicates to the air, is proved by an inter- 
esting experiment with, the air pump. Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which is 
made expressly for this experiment. 

If this instrument be wound up, and placed under the r^ 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to" be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return gn& 
ually, a faint sound is at first heard, which become^ louder 
and louder, until as much air is admitti d, as was withdrawn. 

On the contrary, when the air is more dense than ordinary, 
or when a greater quantity is contained in a vessel, than in 
the same space in the open air, the effect of sound on the ear 
is increased. This is illustrated by the use of the diving bell. 

The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose oi 
obtaining articles from the wrecks of vessels. "When this 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painfiil to the ear. 

Again, on the tops of high mountain^ where the pressure, 
or density of the air is much less than on the sur&ce of the 
earth, the report of a pistol is heard only a few rods, and the 

On what will the height of the jet from H]ero*8 fimntain depend % What 
is aooosfics'} When a sonorous body is struck within heaiing, in what man- 
ner do we gain firom tt the sensation of sound 1 How b it proved, thai aoimd 
Is conveyed to the ear by the medium of the airl When the avis bhot 
deoae than ordinary, how does tt a£feet somcll v 
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hunaii Toiee is so waak as to b« inaudible at ordinaiy dis 
tances. 

Thusy the atmosphere which surrounds us» is the medium 
by which sounds are conveyed to our ears, and to its vibra- 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music. 

The atmosphere, though the most common, is not, however, 
the only, or the best conductor of sound. Solid bodies conduct 
sound better than elastic fluids. Hence, if a person lay his 
ear on a long stick of timber, the scratch of a pin may be heard 
from the other end, which could not be perceivecl through 
the air. 

The earth conducts loud rumbling sounds made below its 
surface to great distances. Thus, it is said, that in countries 
where volcanoes exist, the rumbMng noise which generally 
precedes an eruption, is heard first by the beasts of the field, 
becaiise their ears are commonly near the ground, and tlmt 
by their agitation and alarm, they give warning of its ap- 
proach to the inhabitants. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when they 
are at such distances as not to be heard in any other manner. 

Sound is propagated through the air at the rate of 1 142 feet 
in a second of time. iVhen compared with the velocity of 
light, it therefore moves but slowly. Any one may be con- 
vinced of this by watching the discharge of cannon at a dis- 
tance. The flash is seen apparently at the instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report 

Solid substances convey sounds with greater velocity than 
air, as is proved by the following experiment, lately made at 
Paris, by M. Blot. 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of metal was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
file mouth of the tube, was suspended a clock bell and ham- 
mer. The hammer was made tr strike the tins and the bell 
at 'die same instant, so that the sound of the nng would be 

What U said of the effects of aound on the tofM of high moantainsi Which 
•le the beat conductors of sound, solid or elastic siilistances ? What is said 
of the earth as a conductor of sounds 1 How is it said that the Indians 
i]iioofSr the approach of horses 1 How fiist dora sound pass through the air 7 
Which omvey Kwnds with the greatest velocity, solid substances, or air 1 
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tnnsmitted ta the remote end of the tabe» Aroi^ the con* 
ducting power of the tube itself^ while the sound of the bell 
would t)e transmitted through the medium of the air inclosed 
in the tube. The ear being then placed at the remote end of 
the tube, the sound of the ring, transmitted by the metal of 
the tube, was first heard distinctly, and after a short interval 
had elapsed, the sound of the bell, transmitted by the air in 
the tube, was heard. The result of several experiments was, 
that the metal conducted the sound at the rate of about 11,965 
feet per second, which is about ten and a half times the velo- 
city with which it is conducted by the air. 

Sound moves forward in straight lines, and in this respect 
follows the same laws as moving bodies, and light. It also 
follows the same laws in being reflected, or thrown back^ 
when it strikes a solid, or reflecting surface. 

If the surface be smooth, and of considerable dimensions, the 
sound wil] be reflected, and an ecAo will be heard ; butif the surface 
is very irregular, soft, or small, no such effect will be produced. 
In order to hear the echo, the ear must be placed in a eer- 
tain direction, in respect to the point where the sound is pro- 
duced, and the reflecting surface. 

Fig. 111. If a sound be produced at a, fig. Ill, and 

strike the plane surface 5, it will be reflected 
back in the same line, aad the echo will be 
heard at c or a. That is, the angle under 
which it approaches the reflecting surface, 
and that under which it leaves it, will be 
equal. 

Whether the sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the angle of reflection, 
will always be Uie same, and equal. 

I'his is illustrated by 

fig. 113. fig. 112, where suppose a 

pistol to be firea at a, 

C while the reflecting sur- 

% fiice is at c; then the echo 

will be heard at &, the an- 
gles 2 and 1 being equal 
to each other. 

Desciibe the experiment inoving that sound b conductea bj a metal with 
leatenrelocitythanbytheair. In what lines does Mund move 1 Framwhal 
indofsurfibce 18 sound reflected, soasto produce anechol £xplainf|g. 111. 
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If a wMmd be eniltod betirean tiro reflecting sar&cesi 
penllel to eech othert it irUl reyerberate» or be answered 
baokwerJs and forwarda eereral times. 

^i^ iU> Thus, if the sound be made at a, fig. 1 1% 

it will not only rebound back again to a, but 
will also be reflected from the points c and 
i2, and were such reflecting surfaces placed 
at eyery point around a circle from a, the 
sound would be thrown back from tbem all, 
at the same instant, and would meet again 
at the point a* 

We shall see under the article Optics, 

* that light observes exactly the same law in 

respect to its reflection from plane surfaces, and that the anffle 
at which it strikes is called the angle of incidence^ and that 
under which it leayes the reflecting surmce is called the angle 
of reflection* The pame terms are employed in respect to 
sound. 

In a circle, as mentioned aboye, sound is reflected from 
eyery plane sur&ee placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be tiie 
point at, which tiie echo will be most distinct 

*"* " * ' Suppose the ear to be placed at 

the point a, fig. 1 14, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be reflected from the plane sur- 
\b face, back on the same line to a ; 
and this will take place from all 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance from the centre, so the 
reflected sound will arrive at the point a, at the same instant ; 
and the echo will be loud, in proportion to the number and 
perfection of these reflecting surfaces. 

Explziln 6g. 113, and show in what direction soand approaches and leaves 
a leflecting sui-faoe. What is the angle under which sound strikes a reflect^ 
ing Bur&ce called 7 What ia the angle under which it leaves a reflecting sur- 
&0& called ? Is there any diflbrenoe in the quantity of these two angles 1 Sup- 
pose a pistol to be firod m the centre of a circular room, where would be the 
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It 18 Apparent Aat the auditor, iir this case, most be plaeed 
in the centre from which the soand proceeds, to receive the 
greatest effect. But if the shape of the room be oral, o» dlip- 
tical, the sound may be made in one part, and the echo wul 
be heard in another part, because the ellipse has two points, 
called foci, at one of which, the sound being produced, it will 
be concentrated in the other. 

Fig. 115. Suppose a sound to be produced at a* 

fiff. 115, it will be reflected from the 
sides of the room, the andes of incidence 
bein^ equal to those of reflection, and 
will be concentrated at b. Hence a 
hearer standing at b will be effected by 
the united rays of sound from different 
parts of the room, so that a whisper at a, 
will become audible at 6, when it would 
jf^ not be heard in any other part of the 
room. Were the sitles of the room lined 
with a polished metal, the rays of li^ht 
or heat would be concentrated in Uie 
same manner. 

The reason of this will be understood, when we consider, 
tfiat an ear, placed at c will receive only one ray of the sound 
proceeding from a, while if placed at &, it will receive the rays 
from all parts of the room. Such a room, whether construct* 
ed by design or accident, would be a whispering gallery. 

On a smooth surface, the rays, or pulses of sound, will pass 
with less impediment than on a rough one. For this reason, 
persons can talk to each other on the opposite sides of a river, 
when they could not be understood to the same distance over 
the land. The report of a cannon, at sea, when the water is 
smooth, may be heard at a great distance, but if the sea is 
rough, even without wind, the sound will be broken, and will 
reach only half as far. 

The strings of musical instruments are elastic cords, which 
being fixed at each end, produce sounds, by vibrating in the 
midule. 

Explain fig. 114, an<l pve the reason. StiDpose a sound to be prodaoed 
in one of the foci of an ellipse, where then mi|^ht it be distinctly heard 1 Ex- 
plain fig. 115, and give the reason. Why is it that persons can converse on 
the opposite sides of a river, when they could not hear each other at thesaniM 
distance over the land 1 How do the strings of muocal instruments produM 
i1 
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The striogrof a tfioUn or piano, when iMilkcl to one nde by 
Its middle, and let go, vibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, produces 
tones, which are grave, or acute, according to its tension, size, 
or length. 

The manner in which such a string vibrates, is shown by 
6g. 116. 

Fig. 116. If pulled from e to 

^ 0, it will not stop a- 

gain at 6, but in pas- 
si n? from a to e, it 
will gain a momen- 
tum, which will car 
ry it to c, and in re- 
turning, its momen 
turn will a?ain carry it to d, nrA so on, backwards and forwards, 
like a pendulum, until its tension, and the resistance of the 
air, will finally brin^ it to rest. 

The grave, or sharp tones of the same string, depend on 
its different defi^rees of tension ; hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will 
be changed from a lower to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to produce a variety of sounds, by 
making some larger than others, and giving them different 
degrees of tension. The violin and bass viol are familiar ex- 
amples of this. The low, or bass strings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their vibrations from being too rapid, and thus they 
are made to give deep or grave tones. The other strings are 
diminished in thickness, and increased in tension, so as to 
make them produce a greater number, of vibrations in a given 
time, and thus their tones become sharp or acute, in pro 
portion. 

Under certain circumstances, a long string will divide itself 
into halves, thirds, or quarters, without depressing any part 
of it, and thus give several harmonious tones at the same time. 

Tlie fairy tones of the ^olian harp are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or five strinffa, two or three feet long;, fastened at 

Ej[(>Iaiii %. IIG. Vn what Jo tbc gr^ive or acute tones of the Hanio smlig 
depend T Why itks the haw rttings of inatrujrtenta covered with metdJic 
wire 1 Why LB there, u. variety of tone* in the jEo[lan haipj rince all the 
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each end. Th«se are iuned in unison, so that when made to 
▼ibrate with force, they produce the same tones. But when 
suspended in a frcntle hreeze, each string, acconling to the 
manner or force in which it receives the blast, either sounds 
as a whole, or is di^nded into sfiv^ral parts, as above described. 
•*The result of which," says Dr. Amot, "is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy perhaps conceived. 
After a pause, this fairy harp is often heard beginning with a 
low, and solemn note, like the bass of distant music in Uie 
sky; the sound then swells as if approaching, and other tones 
break forth, mingling with the first, and with each other." 

The manne" in which a siring vibrates in parts, will be un- 
derstood by fig. 117. 

Fig. 117. 




Suppose the whole length of the string to be from a to i, 
and that it is fixed at these two points. The portion from h 
to c, vibrates as thongh it was fixed at c, and its tone difi^ers 
from those of the other parts of the string. The same happens 
from c to rf, and from d to a. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part c, or d, it 
will remain, but it' placed on any other part of the string, it 
will be shaken off. 

Wind. 

Wind is nothing more than air in motion. The use of a 
fan, in warm weather, only serves to move the air, and thus to 
make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call wind, is produced in consequence of there being a greater 
degree of heat in one place than in another. The air thus 
heated, rises upward, wnile that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards me place, where it is thus rarefied, makes the wind blow 
from every point towards the fiame. ^^ 

Explain fig. 117, showing the manner in which strincrs vibrate in paiti. 
What is wind 1 As a natural phenomenon how is wind produced, or, what 
is tke cause of wind 1 How is this iUustnted 1 



OS prinank ui cbwiulBig' 
iBrtttiBd. Hie haadf daring the da^ time, beinff under thf 
I of almiieal son, becomes heated in a mater aegree ihas 
Wm wmtmmmng ocean, and conseqaentl^, were rises from the 
hmi a stream of warm air, during the day, while the cooler 
air fiom the sur&ce of the water, moving forward to supply 
tins partial vacancy, produces a cool breeze setting inland on 
aO sraes of the island. This constitutes the sea breeze^ which 
is so delightful to the inhabitants of those hot countries, and 
without which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

During the night the motion of the air is reversed, because 
the earth being heated superficially, soon cooh when the sun 
is absent, while the water being wanned several feet below 
its surface retains its heat longer. 

Consequently towards morning, the earth becomes colder 
than the water, and the air sinking down upon it, seeks an 
equilibrium by flowing outwards, like rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land, until the 
equilibrium is restpred, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly re- 
freshed during the summer season, with alternate land and sea 
breezes. 

At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is expanded and ascends 
upwards so as to produce currents from the north and south, 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudes where the 
daily motion of the earth is less than at the equator, do not 
obtain its full rate of motion, and therefore when they ap- 
proach the equator, do not move so fast eastward as that poi- 
tion of the earth, by the difference between the equator^s 
velocity, and that of the latitudes from which diey come. 
This wind therefore falls behind Uie earth in her diurnal 
motion, and consequently has a relative motion towards die 

In the islands of hot elimates, why does the wind blow inland durinir the 
dftv, and off the land dorinff the nishtl What are these breflses oafledl 
What issald of the ascent of heated air at the equatarl What b the eonss- 
qiMnoe on the air towaids the nortfa and aouth 1 
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}fntL This constant breeie .towards the west is called dii 
irade windf because a large portion of the commerce of nth 
tioQS comes within its influence. 

While the air in the lower regions of the atmosphere is 
thus constantly flowing from the north and south towards the 
equator, and forming me trade winds between the tropics, the 
heated air from these regions as perpetually rises and forms 
a counter current through the higher iep[ions towards the north 
and south from the tropics, thus restoring the equilibrium. 

This counter motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica^ 
ted by the direction of the flame, will ba out of the room. 
Then set the candle on the Hoor, and it will show that the cur- 
rent is there into the room. Thus, while the heated air rises 
and passes out of the room, that which is colder flows in, diong 
die noor, to take its place. 

This explains the reason why our feet are apt to suflfer with 
tlie cold, in a room moderately heated, while the oth^ parts 
of the body are comfortable. It also explains why those wjio 
sit in the ^llery of a cliurch are sufiiciently warm, while those 
who sit below may be shivering with the cold. 

From such facts, showing the tendency of heated air to as- 
cend, while ^at'which is colder moves forward to supplv its 
place, it is easy to account for the rnason why the wind blows 
perpetually from the north and south towards the tropics; for» 
the air being heated, as stated above, it ascends, and tneii flows 
north and south towards the poles, until, growing cold, il 
sinks down, and again flows towards the equator. 

Fig. na Perhaps 

jf ^^^ these oppo- 

^^^^^^^^^^ site motions 

of the two 

currents will 

be better nn- 

* derstood by 

} ihg sketcOi 

a ngare 118. 

How are the trade winds lormedl While tlie air in the lower xegioiM 
flows from the north uid eottth towards the equator, in what directioii does 
It flow in higher redons 1 How b this ootmter cnnent in lower and appsi 
regions iUnstxated £y a simple experiment ? 




144 OPTICS. 

\aheio represent a portion of the earth*8 surface, 
_ tovrards the north pole, c towards the south pole, and 
h the equator. The currents of air are supposed to pass in the 
diroetioD of the arrows. The wind, therefore, from a to 5 
would blow, on the surface of the earth, from north to south, 
while from c to a, the upper current would pass from south to 
north, until it came to a, when it would change its direction 
towards the south. The currents in the southern hemisphere 
being governed by the same laws, would assume similar direc- 
tions. 

OPTICS. 

Optics is that science which treats of vision, and the pro 
pcrties and phenomena of light. 

The term optics is derived from a Greek word, which sig- 
nifies seeing. 

This science involves some of the most elegant and import- 
ant branches of natural philosophy. It presents us with ex- 
periinents which are attractive by their beauty, and which as- 
tonish us by their novelty; and, at the same time, it investi- 
gates the principles of some of the most useful among the ar- 
ticles of common life. 

There are two opinions concerning the nature of light. 
Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous bodv ; while 
others suppose that it is a fluid diffused through afl nature, 
and that tlie luminous, or burning body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as sound is conveyed through the air. The 
most probable opinion, however, is, that light is composed of 
exceedingly minute particles of matter. ' But whatever may 
be the nature or cause of light, it has certain genera] proper- 
ties or effects which we can investigate. Thus, by experi- 
ments, we can determine tlic laws by which it is governed in 
its passage through different transparent substances, and also 
those by which it is governed when it strikes a substance 
through which it cannot pass. We can likewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elementary parts, as the chemist decomposes any substance he 
wishes to analyze. 

What common fiict does this experiment illustrate 1 Define Opti(9 
What IS said of the elegance and importance of this science ? What are the 
two opinioDs conoenttng the natcure of lightl What is the xnosl piobaUe 
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To tmd^hstand the science of optics, it is necessary to de 
fine sereral terms, which, although some of them may he in 
common use, have a technical meaning, when applied to this 
science. '' 

Light is that principle, or suhstance, which enables us to see 
any l^dy from which it proceeds. If a luminous substance, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect ih% liffht of 
the candle to our eyes. (For the Chemical effects of Lights 
see Chemistry,) 

Luminous bodies are such as emit light from their own 
substance. The sim, fire, and phosphorus, are luminous bo- 
dies. The moon, and the other planets are not luminous, 
since they borrow their light from uie sun. 

Transparent bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are 
perfectly transparent, since they transmit light without being 
visible themselves. Glass and water are abo considered trans- 
parent, but they are not perfectly so, since they are themselves 
visible, and therefore do not suffer the light to pass through 
tiiem without interruption. 

Translucent bodies are such bs permit the light to pass, but 
not in sufficient quantity to render objects distinct, when seen 
through them. 

Opaque is the reverse of transparent. Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

Illuminated^ enlightened. Any thing is illuminated when 
the light shines upon it, so as to make it visible. Every object 
exposed to the sun is illuminated. A lamp illuminates a room, 
and every thing in it. 

A Ray is a single line of light, as it comes from a luminous 
body. 

A Beam of li^ht is a body of parallel rays. 

A Pencil of light is a boay of diverging or converging rays. 

Divergent rays, are such as come from a point, and contin- 
ually separate wider apart, as they proceed. 

What is light % What is a Inminous body 1 What is a transpaient body 1 
Am glass and water perfectly transparent 7 How is it proved that air is 
perfectly transparent 1 What are translucent bodies 1 What are o paq ue 
bodioi? What is meant b^ illuminated 7 What is a ray of light 1 What 
u a beam 7 What a pencil 7 What are divergent rays % 
13 
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Convergent rays, are those whkh approach each other, so 
as to meet at a common point 

Luminous bodies emit rays, or oendls of light, in every di- 
rection, so that the space througn which they are visable is 
filled with them at every possible point 

Thus, the sun illuminates every point of space, within the 
whole solar system. A. light, as diat of a lignt house, which 
can be seen from the distance of ten miles in one direction, 
fills every point in a circuit of ten miles from it, with light. 
Were this not the case, the light from it could not be seen from 
every point within that circumference. 

The rays of light move forward in straight lines fron^ the 
luminous body, and are never turned out of their course ex- 
cept by some obstacle. 

^•119. Let a, fig. 119, 

be a beam of light ' 
from the sun pass- 
ing througn a 
small orifice in 
the window shut- 
ter b. The Mim 
cannot be seen through the crooked tube c, because the beam 
passing in a straight line, strikes the side of the tube, and 
therefore does not pass through it. 

All the illuminated bodies, whether natural or artificial, 
throw off^ light in every direction of the same color as them- 
selves, though the light with which they are illuminated is 
white or without colon 

This fact is obvious to all who are endowed with si^ht. 
Thus, the light proceeding from grass is green, while uiat 
proceeding from a rose is red, and so of every other color. 

We shSl be convinced, in another place, that the white 
light with which things are illuminated is really composed of 
several colors, and that bodies reflect only the rays of their 
own colors, while they absorb all the other rays. 

Light moves with the amazing rapidity of about 95 millions 
of miles in 8i minutes, since it is proved by certain astro- 
nomical observations, that the light of the sun cgmes to the 

What are conveigent raysl In what direction do luminous bodies emit 
liffht 1 How is it proved that a luminous body fills every point within a cer- 
tain distance with light 1 Why cannot a beam of light be seen through a 
bent tube 1 What is the color of the light which different bodies throw off 1 
If grass tfaroWA off green light, what becomes of the other rays 1 
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eardi in thal-llme. Tliis Telocity is so great, that to any dis- 
tance at which an artificial light can be seen, it seems to be 
transmitted instantaneously. 

If a ton of gnnpowder were exploded on the top of a moun- 
tain, where its light could be eeen a hundred miles, no per- 
ceptible difference would- be observed in the time of its ap- 
pearance on the spot, and at the distance of a hundred miles. 

Refrtiction of Light, 
Although a ray of light will always pass in a straight Une, i 
when not interrupted,'yet when it passes obliquely from one 
transparent body into another, of a dijSerent density, it leaves 
its linear direction, and is bent, or refracted^ more or less, out 
of its former course. This change in the direction of light, 
seems to arise from a certain power, or quality, which trans- 
parent bodies possess in different degrees; for some sub- 
~ """ „ stances bend the fays of light much 

more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by fig. ,120, 

Let a be a ray of the sun's light, pro- 
ceeding obliquely towards the suitace 
of the water c, a, and let e be the point 
which it would strike, if moving only 
through the air. Now, instead of pass- 
ing through the water in the line a, e, it will be bent or re- 
Fig. 121. fracted, on entering the water, 
from to ^, and having passed 
through the fluid it is a^in re- 
fracted in a contrary direction 
on passing out of the water, 
and then proceeds onward in 
. a straight line as before. 

The refraction of water is 
beautifully proved by the fol- 
_ lowing simple experiment. 

~? "^ Place an empty cup, fig. 121, 
with a shilling on the bottom, in such a position, that the side 

What is the rate of velocity with which light moTes 7 Can we perceive 
any dififeience in the time which it takes an artificial light to pass to us fix>ni 
a^reat or small distance 1 What is meant hy the lefeiction of light 1 Do 
autranspaient bodies refract light equaUy 1 
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of the cup wiH just hide the pieee of money from the eye^ 
Then let another person fill l£e cup with wmter, keeping the 
eye in the same position as before. An the water is poured 
in, the shilling will become visible, appearine' to rise with 
the water. The effect of the water is to bend ue ray of light 
coming from the shilling, so as to make it meet the eye befow 
the pomt where it otherwise would. Thus the eye could not 
see the shilling in the direction of c, since the line of vision 
is towards a, and c is hidden by the side of the cup. But the 
refraction of the water bends the ray downwards, producing 
the same effect as though the object had been raised upwards, 
and hence it becomes visible. 

The transparent body through which the light passes is 
called the medium, and it is found in all cases, ** that where a 
passes obliquely from one medium into another of 



a different density, it is refracted, or turned out of its former 
courseJ*^ This is illustrated in the above examples,^ the water 
being a more dense medium than the air. The refraction takes 
place at the surface of the medium, and the ray is refracted in 
Its passage out of the refracting substance as well as into it. 

If the ray, after having passed through the water, then 
strikes upon a still more dense medium, as a pane of glass, .it 
Fig. 122. will again be refracted. It is understood, 
that in all cases the ray must fall upon the 
refractinff medium obliauely in order to be re- 
fracted, for if it proceeas from one medium to 
another perpendicularly to their sui-faces, it 
will pass straight through them all, and no re- 
fraction will take place. 

Thus, in fi^. 122, let a represent air, h wa 
ter, and c a piece of glass. The ray d striking 
each medium in a perpendicular direction, 
passes through them all in a straight line. The 
oblique ray passes through the air in the di- 
rection of c, but meeting the water, is refracted 
in the direction of o ; then falling upon the 
glass, it is again refracted in the direction of 
p, nearly parallel with the perpendicular line d. 

Explain fig. 120. and show how the ray is refiracted in paasinff into and 
out of the water. Explain fig. 121, and state the reason why the shilling 
seems to he raised up by pouring in the water. What is a medium 1 In 
what direction must a ray of light pass towards the medium to be refiracted 1 
Will a ray Minff perpendicularly on a medium be refiracted 1 Explain 
fig. 122, and show how tlie ray e is refiracted. 
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In dU ease* is^^^. the rof passes out of a rarer into a den- 
ser medium^ it ts refracted towards a perpendicular line, 
raised from the surface of the denser me- 
diuMy and so, when it passes out of a den- 
ser, into a rarer medium, it is refracted 
from the same perpendicular. 

Let the medium b, fig. 123, be glass, and 
the medium c, water. The ray a, as it 
falls upon the medium b, is refracted to- 
wards the perpendicular line e, d; but 
when it enters the water, whose refractive 
power is less than that of glass, it is not 
bent so near the perpendicular as before, 
^ and hence it is refracted from, instead of 
towards the perpendicular line, and approaches the original 
direction of the ray a, g, when passing through the air. 

The cause of refraction appears to be the power of attrac- 
tion, which the denser medium exerts on the passing ray 
and in all cases the attracting force acts in the direction of a 
perpendicular to the refracting surface. 

The refraction of the rays of light, as they fall upon the sur- 
ftce of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

Rff. 134. Suppose the rod a, fig. 124, to be set with 

** ' one half of its length below the surface of the 

^ ^^ water, and the otner half above it. The eye 

y/^ being placed in an Oblique direction, will see 
^^/^ the lower end apparently at the point o, while 
1 ^S^gg^ the real termination of the rod would be at 
^^^^B^^S n : the refraction will therefore make the 
^^^^W^m rod appear shorter by the distance from o to 
^^^^^B^m n^ or one fourth shorter than the part below 
the water really is. The reason why the rod appears distort- 
ed, or broken, is, that we judge of the direction of the part 
which is under the water, by that which is above it, and the re- 
fraction of the rays coming from below the surface of the water, 
ffive them a dijflferent direction, when compared with those com- 
ing fi*om that part of the rod which is above it. Hence, when 

When the ray passes out of a rarer into a denser medium, in what di- 
rection is it refracted 1 When it passes out of a denser into a rarer medium, 
m what direction is the refraction'? Explain this by fig. 123. What is the 
cause of refraction 7 What is the reason that a rod, with one end in the wa- 
ter, appears distorted and shorter than it really isl 

13» 
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the wk^le rod isbelow the wat«r, no such distorted appeuwee 
b obsonred, because then fill the rays are refracted ecniany^. 

For the reason just explained, persons are often deceiyed 
in respect to the depth of water, the refraction making it ap- 
pear much more shallow than it really is ; and there is no 
doubt but the most serious accidents ha,ye often happened to 
those who have gone into the water under such deception • 
tot a pond which is really six feet deep, will appear to the eye 
<«ily a little more than four feet deep. 

Reflection of Light. 

If a boy throws his liall a^inst the side of a house swiftljr, 
and in a perpendicular direction, it will bound back nearly m 
the line m which it was thrown, and he will be able to catch 
it with his hands ; but if the ball be thrown dbliauely to the 
right, or left, it will bound away from the side of tne house in 
the same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of ap- 
proach, and the line of leaving a reflecting 
Fig. 125. surface, is^overned by the s^ame law 

^ Thus, if a. son beam,, flg.^ 125, passing 

H through a small aperture in the window 
shutter a, be permitted to fall upon the 
m {)lane mirror, or looking glass, c, d, at 
right angles, it will be reflected back at 
right angles with the mirror, and therefore 
^ wiU pass back a^ain in exactly the same 

direction in which it approached. 
But if the ray strikes the mirror in an oblique direction, it 
Fiff. 196. ^^^ ^^^ ^ thrown off in an oblique di- 

rection opposite to that in which it was 
thrown. 

Let a my pass towards a mirror in the 
line a, c, ng. 126, it wiU be reflected off in 
the direction of c, d, making the angles 1 
and 2 exactly equal. 

The ray a« c, is called the incident rajf 
and the ray c, d, the reflected ray ; and it 
«^ is found in all cases, that whatever angle 
the ray of incidence makes with the reflect- 
Why does the water in a pond appear less deep than it reaUy is 1 Suppose 
a ran beam M upon a plane mirror at right angles with its surface, in what 
direction will it be reflected 1 Suppose the ray ftlls oblique^ on its surfiiee, 
in what diieetion will it then be reflected 1 What is an incident ray of light 1 
Whkt is a reflected ray of Qgbt 1 
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ing 8Qrfree» or widi a perpendicular' line drawn 
Fig. 127. from the reflecting surfacef exactly the same 
angle is made by £e reflected ray. 

From these facts, arise the |feneral law bk 
optics, that the angle of reflection is equal to 
toe angle of incidence. 

The ray a, e, fig. 127, is the ray of incidence, 
and that from c to J, is the my 0( reflection. 
The andes which a, c, make with the perpen- 
dicular Une, and with the plane of the mirror, 
is exactly equal to those made by c, dj with 
the same perpendicular, and the same plane 
surface. 

Mirrors. 

Mirrors are of three kinds, namely, plane, convex, and con* 
cave. They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksilver. 

The common looking glass is a plane mirror, and consists 
of a plate of ground glass so highly polished as to permit the 
rays of light to pass through it with little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The glass plate, 
therefore, only answers the purpose of sustaining the metallic 
surface in its place,-~of achnittinff the rays of li^t to, and 
from it, and of preventing its surface from tarnishing, by ex« 
eluding the air. Could the metallic surface, however, be re- 
tained m its place, and not exposed to the air without the glass 
plate, these mirrors would be much more perfect than they 
are, since, in practice, glass cannot be made so perfect as to 
transmit all the rays of light which fall on its surface. 

When applied to the plane mirror, tlie angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown ofl* under the same angle in the op- 
posite direction. 

This is the reason why the images of objects can be seen 
wh^i the objects themselves are not visible. 

Wliat general law in optics results from observations on the incident and 
reflected rays 1 How many kinds of mirrors are there 1 What kind of 
mirror is the common looking glass 1 Of what use is the glass plate in the 
oonstrudaon of this mirrorl 
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Fig' 198* Suppose ihe mirror a b, fig. 198, to be 

placed on the side of a room, and a lamp 
to be set in another room, but so situa- 
ted, as that its light would shine upon 
the glass/ The lamp itself could not be 
a, seen by the eye placed at c, because the 
partition d is between them; but its 
imaffe would be visible at e, because the 
angle of the incident ray, coming from 
the light, and that of the reflected ray 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as the 
object is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extend as &r behind 
the mirror, as they are before it 

If, for instance, one end of a rod two feet 4ong be made tc* 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly t6 touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact. 

The reason of this is explained on the principle, that the 
angle of incidence and that of reflection is equal. 



Fig. 129. 




Suppose the arrow a, to l»^ the 
object reflected by the mirror d c 
fig. 129; the incident ray^ a. 
flowing from the end of the ar 
row, being thrown back by refiec- ' 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at 0. Therefore, by the same 



Explain fig. 128, and show how the image of an object can be seen in a 
plane mirror, when the real object is invisible. Tlie image of an object 
appears just as far behind a plane mirror, as the object is before it ; explain 
fig. 129, and show why this is the case. 



Kx&Acms. 



V5» 



tmr, ibie reflected mySf where thef meet the eye at e, appeur 
to diverge from a point A, just as far behind me mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote from the glass, will appear to be at k^ or the point where 
die approaching rats would meet, were they continued on- 
ward behind the glass. The rays flowing from every other 
part of the anrow follow the same law ; and thus every part 
of the image seems to be at the same distance behind the 
mirror; that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only halt as long as himself; let him stand at 
any distance from it whatever. 

This is also^ explained .by the law, that the angles of inci- 
dence and reflection are equal.. If the mirror be elevated, so 
that the ray- of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the ima^e of the eyes and face are formed, will be nearly pa 
raUel, while the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the different parts of the person is formed. 

Fig. 130. Thus suppose the mir- 

. ^ r mmi^? ^^^ ^ ^' ^S* 130, to be just 

«Mm< ' --■ vt^ jjj^]f ag long as the arrow 

placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at a, and falling perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the 
image will appear at &, in the same line, and at the same dis- 
tance behind the glass that the arrow is before it. But thfi 
ray flowing from the lower extremity of the arrow, will fall 
on the mirror obliquely, as at e, and will be rejected under 
the same angle to the eye, and therefore the extremity of the 

What must be the comparative length of a plane mirror, in which a person 
may see his whde image 1 In what part of the image, fig. IdO, are th«* 
incidental and reflected rays nearly paxaiufll 1 Why does the image of the 
lower part of the anow appear at dri 
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imagei appearing in the direction of the reflected ray, will b« 
seen at Ju The ra3ni flowing from the other parts of the 
arrow, will observe the same law, and thus the whole image 
is seen distinctly, and in the sfime position as the object 

To render this still more obvious, suppose the mirror to be 
removed, and another arrow to be placed in the position where 
its image appears, behind the mirror, of the same length as 
the one before it Then the eye, being in the same position 
as re}»-esented in the figure, wouM see the diffei:ent parts of 
the real arrow in the same direction that it before saw the^ 
image. Thus the ray flowing from the upper extremity of the 
arrow, would meet the eye in the direction of i c, while the 
ray coming from the lower extremity, would faU on it in the 
direction of a ^ 

Convex Mirror. A convex mir- 
ror is a part of a sphere, or globe 
reflecting from the outside. 

Suppose fig.' 131 to be a sphere, 
then the part from a to o, would be 
a section of the sphere. Anjr part 
-c of a hollow ball of glass, with an 
amalgam of tin ami quicksilver 
spread on the inside, or any part 
of a metallic dobe polished on the 
outside, would form a convex mir- 



F|g. 131. 




Fig. 133. 




ror» 

The axis of b convex mirror, is a 

line as c 5, passing through its centre. 

Rays of light are said to diverge^ 

^ when they proceed from the same 

point, and constantiy recede from each 

other, as from the point a, fig. 132. 

Rays of light are said to converge^ 

when they approach each other in 

such a direction as finally to meet at a point, as at ft, fig. 132. 

The imaffe formed by a plane mirror, as we have dready 

seen, is of the same size as the object, but the image reflected 

from the convex mirror is always smaller than the object 

Suppose the mirror, fig. 130, to be removed, and an arrow of the same 
lengtti to he placed where the image appeared, would the direction of the 
rays from the arrow he the same that they were from the image 1 What ii 
a oob vex mirror') What is the axis of a convex mirror 1 Wnat are diveig* 
ing raysl What aie converging raysl 
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The law which ffoyems the passage of light with respeet to 
(he angles of incidence and reflection, to and from ine con- 
rex mirror, is the same as already stated, for the plane mirror 
From the surface of a plane mirror, parallel rays are reflect- 
ed parallel ; but the convex mirror causes parallel rays falling 
on Its surface to diverge, by reflection^ 

To make this understood, let 
1, % 3, flg. 133,* be parallel rays, 
falling on the surface of the con- 
vex reflector, of which a would 
be the centre, where the reflector 
a whole sphere. The ray 2 is 
perpendicular to the surface of 
the mirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a. 
The two rays 1 and 3, beinff 
parallel to this, all three woula 
fall on a plane mirror, in a per- 
pendicular direction, and conse- 
quently would be reflected in the lines of their incidence. 
But the obliquity of the convex surface it is obvious will 
render the direction of the rays 1 and 3, oblique to that sur- 
face, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
the side where they fall. Thus, the dotted lines c a, and d 
a, are perpendicular to the surface, as well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are re- 
flected under the same angles at which they fall, and therefore 
their lines of reflection will be as far without the perpendicular 
lines c a, and d a, as the lines of their incident rays, 1, and 3, are 
within them, and consequently they will diverge in the direc- 
tion of e and o ; and since we always see the image in the di- 
rection of the reflected ray, an object placed at 1, would ap 
pear behind the surface of the mirror at n, or in the direction 
of the line o n. 

What law governs the passage of fight from- and to the convex mix^ 
roT "l Are psSaUel rays fUling on a oonvex mirror, reflected paraUel » 
Explain fig. 133. . 
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Perlttps the subject of the convex mirror willbebetter under* 
•tood hy consideruiff its surface to be formed of a number oi 
plane sur&ces, indefinitely small. In this case, each point 
from which a ray is reflected, would act in the same mannei 
as a plane mirror, and the whole, in the manner of a numbei 
of mmute mirrors inclined from each other. 

Fig. 134. Suppose a and 6, fig. 134, tol)€ 

the points on a convex mirror from 
which the two piaraliel rays, c and 
d, are reflected. Now, n-om the 
surface of a plane mirror, the re- 
flected rays would be parallel^ 
whenever the incident ones are 
so, because each will fkll upon the 
surface under the same angles. 
But it is ohvious in the present 
case, that these rays fall upon the 
surfiices a, end 5, under different angles, as respects the sur^ 
fiices, c, approaching in a more oblique direction than d i con- 
sequently c is reflected more obliquely than (2, and the two 
renected rays, instead of being parallel, as before, diverge in 
^e direction of n and o^ 

Again, the two converging 
rays a and h, fig. 135, without 
the interposition of the reflect- 
ing surfaces, would meet at c, 
but because the angles of reflec- 
tion are equal to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before me mirror, that 
'^ c is behind it, are sent off in 

the direction of e, at which point they meet. 

" T7lii€ parallel rays falling on a convex mirror j are render ' 
ed diverging hy reflection ; converging rays are made less 
convergent, or parallel, and diverging rays more divergent. 

How is the action of the convex mirroT illustrated by a number of 
i4ane mirrors 7 Explain fig. 135. What effect does the convex mhror 
mive upon parallel rays by reflection "i What b its effect on convezgiog 
lays 1 What is its effect on diverging rays ? 



Fig. 135. 
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The effect of the convex mirror, therefore, is to disperse the 
rays of light in all directions ; and it is proper here to remind 
the pupil, that although the rays of light are represented on 
paper by single lines, there are in fact probably millions of rays, 
proceeding from every point of all visible bodies. Only a 
^ comparatively small number of these rays, it is true, can enter 
the eye, for it is only by those which proceed in sthiight lines 
from the different parts of the object, and enter the pupil, thai 
the sense of vision is excited* 

Now, to conceive how exceedingly small must be the pro 
portion of light thrown off, from any visible object which en- 
ters the eye, we must consider that the same object reflects 
rays in every other direction, as well as in that in which it is 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; and were millions more raised above these, 
it would be visible to all. 

When, therefore, it is said, that the convex mirror disperses 
the rays of light which fall upon it from any object, and when the 
direction of mese reflected rays are shown only by single lines, 
it must be remembered, that each line represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject thus desiffnated, but from all the other parts. Were this 
not the case, me object would be visible only at certain points. 
The images of objects reflected from the convex mirror 
appear curved, because their different parts are not equally 
distant from its surface. 

Fig. 136. If the object a, be placed 

obliquely before the convex 
mirror, fig. 136, then the con- 
verging rays from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mirror, 
meet at the point c, behind it. 
But instead of being thus con- 
tinued, they are thrown back 
by the mirror, in less conver- 

Do the rays of fight proceed only from the extremities of objects, as repre- 
lented in figuies, or from lUl their parts 1 Do all the rays of light proceed- 
ing from an object enter the eye, or only a few of them il What would be 
the consequence, if tne rays of liffht proceeded only from the paits of an ohp 
ject shown in diagrams 1 Why do tne images of objects reflected (hnn cod* 
vex mirrors appear curved 1 

14 
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gent lines, which meet the eye at c, it being, as we have seen, 
one of the properties of this mirror, to reflect converging rays 
less convergent than before. 

The image being always seen in the direction from which 
the rays approach the eye, it appears behind the mirror at d. 
If the e^e oe kept in the same position, and the object a, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to wnich it is re- 
moved. Consequently, by the same law, the two ends of a 
straight object will appear smaller than its middle, because 
they are further from the reflecting surface of the mirror. 
Thus, the images of straight objects, held before a convex 
mirror, appear curved, and for tlie same reason, the features 
of the face appear out of proportion, the nose being too large, 
and the cheeks too small, or narrow. 

The reason why the imaae appears less than the object is, 
that the convex surface of the mirror has the property, as sta 
ted above, of decreasing the convergency of the incidental 
rays by reflection. 

Now, objects appear to us large or small, in proportion to 
the angle which the rays of light, proceeding from their ex- 
treme parts form, when they meet at the eye. For it is plain 
that the half of any object will appear under a less angle than 
the whole, and the quarter under a less angle still. Therefore 
the smaller an object is, the smaller will be the angle under 
which it will appear at a ffiven distance. If then a mirror 
makes the angle under which an object is seen smaller, the 
object itself will seem smaller than it really is. Hence the 
Fig. 137. image of an object, when re- 

flected from the convex mir- 
ror, appears s^naller than the 
object itself. This will be 
understood by fig. 137. 

Suppose tne rays flowing 
from the extremities of the 
object fl, to be reflected back 
to Cj under the same degrees 
^ of convergence at which they 

^'p*^' ^ strike the mirror, then as in 

Why do the features of the face appear out of proportion, by this mirror 1 
Why ooea an image reflected from a convex surface appear smaller than the 
(^ect 1 Why does the half of an object appear to the eye smaller than the 
whole 1 
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Fig. 138. 



the plane mirror, the image d^ would rippear of the same size 
as the object a; for if the rays from a were prolonged behind 
the mirror, they would meet at b, but forming the same an^le, 
by reflection, that they would do, if thus prolohged, the obiect 
seen from 5, and its image from c, would appear of the same 
dimensions. 

But instead of this, the rays from the arrow a, beinff ren- 
bered less convergent by reflection, are continued onward, and 
meet the eye under a more acute angle than at c, the angle 
under which they actually meet, being represented at e, con- 
sequently the image of the object is shortened in proportion 
to the acuteness of this angle, and the object appears diminish- 
ed, as represented at o. 

The image of an object, as alrea- 
dy stated, appears less as the ob- 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig. 
138, is diminished by reflection 
from the convex surface, so that its 
image appearing at d, with the eye 
at c, shall seem as much smaller in 
proportion to the object, as d is less 
than a. NoWf keeping the eye at the same distance from the 
mirror, withdraw the object, so that it shall be equally distant 
with the eye, and the image will gradually diminish, as the 
arrow is removed. 

The reason of this will be made 
plain by the next figure ; for as the 
arrow is moved backwards, the an- 
gle at c, fig. 139, must be diminish- 
ed, because the rays flowing from 
the extremities of the object fall a 
greater distance before they reach 
the surface of the mirror ; and as 
the angles of the reflected rays 
bear a proportion to those of the 

■ " ' fc - 1 — ■■■ — — — ■ 

Suppose the angles c and h^ fig. 137, are equal, \nSi there be any difference 
between the size of the object and its image 1 How is the image affected, 
when the object, is withdrawn from ^e sur&ce of a convex mirror 1 Ex- 
plain figures 138 and 139, and show the reason why the images are diminiflii 
ed when the objects are removed from the convex minora 




Fig. 139. 
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incident ones, to the an||e of Tision wifl become leas in piv 
portion m the olject is witiidnwn. The eflfect dierefoiir 
of witlidniwing the object, is first to teasen ibe distance be- 
tween the conrerging imys, flowing from it, at the point wbere 
thef strike the mirror, and as a consequence to diminish the 
an^e under wliidi the reflected rays convey its image to the 
eye. 

In the plane mirror, as abeady shown, the image appears 
exactly as far behind the mirror as the object is before it, bnt 
the convex mirror shows the image jnst under the surface, or, 
when the object is rerooTed to a distance, a little way behind 
iL To understand the reason of this difference, it must be 
remembered, that the plane mirror makes the image seem as 
far behind, as the object is before it, because the rays are re- 
flected in the same lelatiTc position, at which they fa)! upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equally con- 
vergent. But the convex mirror, as also above shown, reflects 
convergent rays less convergent, and divergent rays more di- 
vergent, and it is from this property of the convex mirror that 
the unage appears near its surface, and not as far behind it as 
the object is before it, as in the plane mirror. 
^^V Fig. 140. a> ^^ ^s suppose that a, flg. 140, is a 

1^^ ' ^ luminous point, from which a pencil of 

diverging rays fall upon a convex mir- 
ror. These rays, as already demon- 
strated, will be reflected more divergent, 
and consequently will meet the eye at e, 
in a wider state of dispersion than they 
fell upon the mirror at o. Now, as the 
image will appear at Uie point where 
the diverging rays would converge toa 
focus in a contrary direction; were they prolonged behind the 
mirror, so it cannot appear as far behind tiie reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eve are separated, the shorter will be the distance at 
which tney will come to a point. The ima^e will therefore 
appear at n, instead of appearing at an equal distance behind 
the mirror that the object a is before it. 

What 18 said to be the first effect of withdrawing the object from a con- 
cave surface, and what the consequence on the angle of reflected raysl Ex* 
plain the reason why the image appears near the sur&ce of the convex 
mirror. ' 
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Fig. 145. 




the diyerging rays 1, % 3, 4, form a fo* 

cus at the point o, whereas had they 

heen parallel, their focus would have 

been at a. That is, the actual focus is 

at the centre of the sphere, instead of 

being half way between the centre and 

circumference, as is the case when the 

incident rays are parallel. The real 

focus therefore is beyond, or without 

the principal focus of the mirror. 

By the same law, converging rays will 

form a point within the pnncipal fo* 

cus of a mirror. 

Thus, were the rays falling on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous convergency, they are 
brougnt together at a less distance 
than the principal focus and meet at o. 
The images of olaects reflected by 
a convex mirror w? have seen, are 
smaller than the objects themselves. 
But the concave mirror, when the ob- 
ject is nearer to it than 
the principal focus, pre- 
sents the image larger 
than the object, erect, 
and behind the mirror. 

To explain this, let us 
suppose the object a, fig. 
145, to be placed before 
the mirror, and nearer 
to it than the principal 
focus. Then the ravs 
proceeding from tne 
extremities of the ob- 
ject without interruption 
would continue to di- 
verge in the lines o and 



If the incident rays are diyei^ent, where will be the focus 7 -If the inci- 
dent rays are convergent, where wiU be the focus 1 When will the ima^ 
fiom a concave mirror be larger than the object, erect, and behind the mirror 7 
Explain fig. 145, and show why the image is larger than the object. 
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n* as 8«en bdiind the mirror ; but by reflection they are made 
to diverge 'less than before, and consequently to make the an- 
gle under which they meet more obtuse at the eye b, than il 
would be if they contmued onward to e, where they would have 
met without reflection. The result, therefore, is to render 
the image A, upon the eye, as much larger than the object a, 
as the angle at the eye is more obtuse than the angle at e. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
the centre of the spnere of which the reflector is a part, then 
the inuige will appear inverted on the contrary side of die cen- 
Rg. 146. tre, and farther 

from Ihe mirror 
than the object; 
thus, if a lamp be 
placed obliquely 
before a concave 
mirror, as in fig. 
146, its image 
will be seen in- 
verted in the air on the contrary side of a perpendicular line 
through the centre of the mirror. 

From the property of the concave mirror to form an invert- 
ed ima^e of the object suspended ia the air, many curious and 
surprising deceptions may be produced. Thus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be done by placing a screen before the 
light, and permitting the reflected rays to pass through a small 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards 
and cups of water turned bottom upwards without spilling a 
drop.. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hand for that pur- 
pose, he finds that the object either suddenly vanishes from.* 
nis sight, owing to his h' ving moved his eye out of the proper 
range, or that it is intangible. 

This kind of deception may be illustrated by any one who 
has a concave mirror only of three or four inches in diameter, 
in the following manner : 

When will the image from the concave mirror be inverted and before the 
mirror 1 What property has the concave mirror by which singular decep- 
ttons may be proauced 1 What aie these deceptions 1 
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Concave Mirror. The shapie of the concave mirror^ is ex- 
actly like that of the convex mirror, the only difference be- 
tween them being in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inside, 
or concave surface, while that of the convex mirror is from 
the outside, or coilvex surface. Thus the section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflection. 

The eflect and phenomena of this mirror will therefore be, 
m many respects, directly the contrary from those already de- 
tailed in reference to the convex mirror. 

From the plane mirror the relation of the incident rays are 
not changed by reflection ; from the convex mirror they are 
dispersed; but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
focus. 

The surface of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of incidence and reflection, >ere the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

In reference to the concave mirror, let 
us, in the first place, examine the eflect of 
two plane mirrors inclined to each other, 
as in flg. 141, on parallel rays of li^ht. 
The incident rays, a and b, being parallel 
before they reach the reflectors, are thrown 
off* at unequal angles in respect to each 
other, for b falls on the mirror nlore ob- 
liquely than a, and consequently is thrown 
off more obliquely in a contrary direction, 
therefore, the angles of reflection being 
equal to those of incidence, the two rays meet at c. Thus we 
see that the efl^ecl of two plane mirrors inclined to each other, 
is to make parallel rays converge and meet in a focus. 



What is the shape of the concave mirror, and in what respect does it diiier . 
from the convex mirror 1 How may convex and concave mirrors he united 
in the same instrument 1 What is the difference of effect hetween the con- 
cave, convex, and plane mirrors, on the reflected rays ? In what respect may 
the concaye mirror be considered as a number of plane mirrors 1 

14* 
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The same result would take place, whether the mirror waa 
one continued circle, or an infinite number of small mirrors 
inclined to each other in the same relation as the different 
parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays converffent, the same principle will render di- 
verging rays parallel, and converging rays still more conver* 
gent. 

The focus of a concave mirror is the point where the rays 
are brought together by reflection. The centre of concavity 
in a concave mirror, is the centre of the sphere, of which the 
mirror is a part. In all concave mirrors, tne focus of parallel 
rays, or rays falling directly from the sun, is at the distance 
of half the semi-diameter of the sphere, or globe, of which the 
reflector is a part. 

Fig. 142. Thus, the parallel rays L 

2, 3, &c. fig. 142, all meet 
at the point o, which is 
half the distance between 
the centre a of the whole 
sphere, and the surface 
of the reflector, and there- 
fore one quarter the dia- 
meter of thewhole sphere, 
of which the mirror b a 
part. 

In concave mirrors of 
all dimensions, the re- 
flected rays follow the 
same law ; that is, paral- 
lel rays meet and cross 
each other at the distance of one fourth tne diameter of the 
sphere of which they are sections. This point is called the 
principal focus of tfie reflector. 

But if the incident rays are divergent, the focus will be re- 
moved to a greater distance from the surface of tlie mirror, 
than when they are parallel, in proportion to their diverjjency. 
This miffht be inferred from the general laws of incidence 
and reflection, but will be made obvious by fig. 143, where 




What is the fecua of a concave mirror 7 At what distance from its sur- 
face is the focus of parallel rays in this mirror 1 What is the principal fxus 
of a concave mirror 1 
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Suppose Ihe tumbler a, to be filled with water, and placed 
beyond the principal focus of the concave mirror, fig; 147, and 
80 managed as to be hid from the eye c, by the screen b. The 
lamp by which the tumbler is illuminated must also be placed 
behmd the screen, and near the tumbler. To a person placed 
at c, the tumbler with its contents will appear inverted at e, 
and suspended in the air. By carefully moving forward, and 
still keeping the eye in the same line with respect to the mir- 
ror, the person. may pass his hand through the shadow of the 
Rg. 147. 




tumbler ; but without such conviction, any one unacquainted 
with such things, could hardl3rbe made to believe that the 
image was not a reality. 

By placing another screen between the mirror and the im- 
age, and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The ima^e reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than tlie 
principal focus, the imaffe moves in a contrary direction 
from the object, because uie rays then cross each other. If 
a man place himself directly before a large concave mirror, 
but fiirtner from it than the centre 'of concavity, he will see an 
inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out^o- 
ward his hand, and he may imagine that ne can shake hands 

Describe the manner in which a tumbler with its contents may be made to 
seem inverted in the air. Why does the image move in a contrary direction 
fiom its object, when the object is beyond the principal focus 1 
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with his imaffe. But if he reach his hand farther towards 
the mirror, me hand of the image will pass by hds hand, and 
come between his hand and his body ; and if he move his hand 
toward either side, the hand of the image will more in a con- 
trary direction, so that if the object mores one way the image 
will move the other. 

The concave mirror, having the property of converging the 
rays of light, is equally Efficient in concentrating the rays of 
heat, either separately, or with the light When, therefore^ 
such a mirror is presented to the rays of the sun, it brings 
them to a focus, so as to produce degrees of heat in propor- 
tion to the extent and perfection of its reflectinff surface. A 
metallic mirror of this kind, of only four or six mches in dia- 
meter, will fuse metals, set wood on fire, &c. 

As the parallel rays of heat or light are brought to a focus 
at the distance of one quarter of the diameter of the sphere, of 
which the reflector is a section, so if a luminous or heated 
body be placed at this point, the rays from such body passing 
to the mirror will be reflected from all parts of its surface, in 
parallel lines ; and the rays so reflected, by the same law, will be 
brought to a focus by another mirror -standing opposite to this 




Suppose a red hot ball to be placed in the principal focu;} 
of the mirror a, fij. 148, the rays of heat and lijht proceed 
ing from it will be reflected in the parallel hues 1, 2, 3, 
<fec. The reason of this is the same as that which causes 
parallel rays, w hen falling on the mirror, to be converged to a 

Will the concave mirror concentrate the rays of heat, as well as those of 
light 1 Sixppoae a luminous body be placed in the focus of a concaTe mirror, 
in what direction will its rays be reflected 1 
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focus. The angles of incidence being equal to those of refiiec« 
tion, it makes no difference in this respect, whether the rayft 
pass to or from the focus. In one case, parallel mcident raya 
from the sun, are concentrated by reflection ; and in the olber, 
incident diverging rays, from the heated ball, are made paral 
lei by reflection. 

Tne rays therefore, flowing from the hot ball to the mirror 
a, are thrown into parallel hnes by reflection, and these reflect- 
ed rays, in respect to the mirror h, become the rays of inci- 
dence, which are again brought fo a focus by reflection. 

Thus the heat of the ball, by bein^ placed in the focus of 
one mirror, is brought to a focus by me reflection of the other 
mirror. 

Several striking experiments may be made vidth a pair of 
concave mirrors placed facing each other as in the figure. If 
a red hot ball be placed in the focus of a, and some gun pow- 
der in the focus of 6, the mirrors being ten or twenty feet apart, 
according to their dimensions, the powder will flash by the 
heat of the ball, concentrated by the second mirror. To show 
that it is not the direct heat of the ball which sets fire to the 
powder, a paper screen may be placed between the mirrors 
dntil every thing is ready. The operator will then only have 
io remove the screen, in order to flash the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of 6, and when the ball is 
so cool us not to be luminous, remove the screen, and the 
phosphorus will instantly inflame. 

Refraction by Lenses, 

A Lens is a transparent body, generally made of glass, and 
sn shaped that the rays of light in passing through it are ei- 
ther collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has already been shown, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall 
perpendicularly on the surface of the medium. 

The point where no I'efraction is produced on perpendicu- 
lar rays, is called the axis of the lens which is a right line 

Exphin %. 148, and show why the rays from the focus of a are con- 
centrated in the focus b. What curious experiments may be made by two 
concave mirrors placed opposite to each other 1 How may it be shown thai 
heat and light axe distinct princrples 1 What is a lens 1 
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passing through its centre, and perpendicular to both its sur 
faces. 

In every beam of light, the middle ray is called its axis, 

Rays of light are said to fall directly upon a lens, when 
their axes coincide with the axes of the lens ; otherwise they 
are said to &11 obliquely. 

The point at wnidi the rays of the sun are collected, by 
passing through a lens, is called \h% principal focus of that lens. 

Lenses are of various kinds, and have received certain names, 
depending on their shapes. The different kinds are shown 
at fig. 149. 

Fig. 149. 




A prism^ seen at a, has two plane surfaces, a r, and a 5, in 
chiied to each other, 

A plane glass, shown at h, has two plane surfaces, parallel 
to each ofJ>er. 

A spherical lens, c, is a ball of glass, and has every part of 
'ts surface at an equal distance from the centre. 

A double concave lens, d, is bounded by two convex surfaces 
opposite to each other. 

A plano-concave lens, e, is bounded by a convex surface on 
one side, and a plane on the other. 

A double-concave lens,f, is bounded by two concave spheri- 
cal surfaces, opposite to each other. 

A plano-concave lens, g, is bounded by a plane surface on 
one side and a concave one on the other. 

A meniscus, h, is bounded by one concave and one convex 
spherical surface, which two surfaces meet at the edge of the 
lens. 

A concavo-convex lens i, is bounded by a concave and con- 
vex surfa\.€, but which diverge from each other, if continued. 

What is the aaris of a lens 1 \ In what part of a lens is no^t^firaction pro- 
duced 1 Where is the axis of a beam of light 7 When are rays of light said 
to fall directly upon a lens 1 How many kinds of lenses are mentioned 1 
What is the name of each 1 How are each of these lenses bounded 1 
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The effects of the prism on the rays of light will be shown 
in anotlier place. The refraction of me plane glass, bends the 
parallel rays of light equally towards the perpendicular, as 
already shown. Tne sphere is not often employed as a lens, 
since it is inconvenient m use. 

Convex lens. It has been shown in a former part of this 
article, that when a ray of light passes obliquely out of a 
rarer into a denser meaium, it is refracted, or turned out of 
its former course. 

Suppose, then, there is presented to the rays of light, a piece 
of glass, with its surface so shaped, that all the rays, except 
those which pass through its axis, are refracted towards the 
perpendicular, it is obvious that they would all finally meet 
the perpendicular ray, and there form a focus. 

The focal distances of convex lenses, depend on their de- 
grees of convexity. The focal distance of a single, or plano- 
convex lens, is the diameter of a sphere, of which it is a sec- 
tion. 

Pig. 150. If the whole circle, fig. 

150, be considered the 
circumference of a sphere 
of which the plano-convex 
lens, b a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will be at the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens, is the 
radius, or half the diameter of the sphere of which it is a part 
Hence the plano-^convex lens, being one half the double con- 
vex lens, the latter has about twice the refractive po^er of 
the former ; for the rays suffer the same degree of refraction 
in passing out of the one covex surface, that they do in pass- 
ing into me other. 

On what do the focal distances of convex lenses d^)csnd ? What is the fb- 
cal distance of any plano-convex lens 1 What is tne focal distance of the 
doable convex lens 1 What is the shape of the double convex lens 'f 

15 
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Fig. 151. 




The shape of the dou- 
ble convex lens, d c, fig 
151, is that of two piano 
convex lenses, placed with 
their plane sur&ces in 
contact, and consequently 
the focal distance of this 
lens is nearly the centre of 
the sphere of which one of 
its surfaces is a part If 
parallel rays fall on a con- 
vex lens, it is evident that 
the ray only, which penetrates the axis and passes towards the 
centre of the sphere, will proceed without refraction, as shown 
in the aftove figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de 
pending on the convexity of the lens. 

If diverging rays fall on the surface of the same lens, they 
will by refraction, be rendered less divergent, parallel, or con 
vergent, according to the decrees of their divergency^ and the 
convexity of the surface of me lens. 

Fig. 152. I Thus, the divei^ng 

rays 1, 2, &c. fig. 
152, are refracted by 
the lens a o, in a de- 
gree just sufficient to 
render them parallel, 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
a focus. It is obvious 
by the same law, that were the rays less divergent, or were 
the surface of ^e lens more convex, the rays in fig. 152 would 
become convergent,^ instead of parallel, because the same re- 
fractive power which would render divergent rays parallel, 
would nuike parallel rays convergent, and converging rays 
still more convergent 




Howaie d iv eigen t rayB affected by paagng tfarongh acomcac leni ? What 
ito effect on puaMrajBl YIHiat is its effect on oonTerging rays 1 
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Thus, the pencils of conrerging ra^St 

] fig. 153, are rendered still more conver* 

' gent by their passage through the lens, 

. and are therefore brought to a focus near- 

er the lens, in proportion to their previous 

convergency. 

The eye glasses of spectacles for old 
, people are double convex lenses, more or 
^ less spherical, according to the age of the 
. person, or the magnifying power required. 
The common burning glasses, whi^ are used for lighting 
cigars, and sometimes for kindling fires^ are also convex len- 
ses. Their efiect is to concentrate to a focus, or point, the 
heat of the sun which falls on their whole surface ; and hence 
the intensity of their effects is in proportion to the extent of 
their surfaces, and their focal lengths. 

One of the largest ' burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter, 
with a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaller focal 
point. This apparatus gave a most intense degree of heat, 
when the sun was clear, so that 20 grains of gold were melted 
by it in 4 seconds, and ten grains otplatina, me most infusible 
of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects is, that tlie rays which 
come to the eye from the extreme parts of the object are ren- 
dered less convergent by reflection, from the convex surface, 
and that, in consequence, the angle of vision is made more 
acute. 

Now, the refractive power of the convex lens has exactly 
tlie contrary effect, since by converging the rays flowing from 
the extremities of an object, tiie visual angle is rendered more 
obtuse, and therefore all objects seen through it appear mag- 
nified. 



WhtA kind of lenses are spectacle glasses for old people ? What is said to 
^ the diameter of Mr. Paiker's great convex lens 1 What Is the focal dis- 
ttuioe of this lens 1 What Is said of its heating power 1 What Is the visual 
uiglel 
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Fig. 154. Suppose the object a, fig. 

154^ appears to the naked eye 
of the length represented in 
the drawing.- Now, as the rays 
coming from each end of the 
object, form, by their conver- 
gence at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects larffe or small, in j)ro- 
portion as this angle is obtuse or acute, if therefore the object 
a be withdrawn further from the eye, it is apparent that the 
rays o, o, proceeding from its extremities, will enter the eye 
under a more acute angle, and therefore, that the object will 
appear diminished in proportion. This is the reason why 
things at a distance appear smaller than when near us. When 
near, the visual angle is increased, and when at a distance, it 
is diminished. 

Fig. 1S5. The effect of the convex lens is to in- 

crease the visual ande, bv bending the 
rays of light coming from the object, so as 
to make Uiem meet at the eye more ob 
tusely ; and hence it has the same effect, 
^^ in respect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by hg. 155, where it is obvious, that did 
the rays flowing from the extremities of 
the arrow meet the eye without refraction, 
the visual angle would be less, and therefore the object would 
appear shorter. Another effect of the convex lens, is to ena- 
ble us to see objects nearer the eye, than without it, as will be 
^explained under the article vision. 

Now, as the rays of light flow from all parts of a visible ob 
^ect of whatever shape, so the breadth, as well as the length, is 
increased b^ the convex lens, and thus the whole object ap- 
pears magnified. 

Concave lens. The effect of the concave lens is directly 
opposite to that of the convex. In other terms, by a concave 
lens, parallel rays are rendered diverffing, converging rays 
have their convergency diminished, and diverging rays have 

Why does the same object, when at a distance, appear smaller than when 
near? What is the efleet of the convex lens on the visual angle? Why 
does an object appear larger through the convex lens than otherwise 1 What 
is the effect of the concave lens 1 What effect docs thb lens have upon 
parallel, diverging, and converging rays 1 
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their divergency increased, according to the concavity of the 
'lens. 

These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays 
coming from the extreme points of an object, the visual angle 
is rendered more acute, and henbe the object appears diminish- 
ed by this lens, for the opposite reason that it is increased by 
the convex lens. This will be made plain by the two follow* 
ling diagrams. 

Fig. 156. Suppose the object a b, ^g. 156, 

to be placed at such a distance 
from the eye, as to give the rays 
flowing from it, the degrees of 
convergence represented in the 
figure, and suppose that the rays 
enter the eye under such an an- 
gle as to make the object appear 
two feet in length. 

Now, the length of the same ob- 
ject, seen through the concave 
lens, fig. 157, will appear dimin- 
ished, because the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen m the figure, and conse- 
quently the visual angle is more 
acute than when the same ob- 
ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
gent. 

The spectacle glasses of short-sighted people are concave 
lenses, by- which the images of objects are formed further 
back in the eye than otherwise, as will be explained under the 
next article. 

Vision. 

In the application of the principles of optics to the explan- 
ation of natural phenomena, it is necessary to give a descrip- 
tion of the most perfect of all optical instruments, the eye. 




Why do objects appear smaJler through this glass than they do to the na- 
ked eye 1 Explam figures 156, and 157, and show the reason why the same 
object appears smaller through 157. What defect m the eye requires con- 
cave lenses 1 What is the most perfect of all optical instruments % 

15* 
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Fig. 158. Fig. 158 is a vefticft. 

section of the human eye. 
Its form is nearly globu- 
lar, with a slight projec- 
tion or elongation in 
front It consists of four 
coats, or membranes ; 
namely, the sclerotic^ the 
cornea, the choroid, and 
the retina. It has two 
fluids confined within 

these membranes, called 

the aqueous, and the mtreous humours, and one lens, called 
the crystalline. The sclerotic coat is the outer and strongest 
membrane, and its anterior part is well known as the white oi 
the eye. This coat is marked in the figure a, a, a, a. It is 
joined to the cornea, 6, 6, which is the transparent mem- 
brane in front of the eye, through which we see. The 
choroid coat is a thin, delicate membrane, which lines the 
sclerotic coat on the inside. On the inside of this lies the 
retina, d, d, d, d, which is the innermost coat of all, and is an 
expansion, or continuation of the optic nerve o. This expan- 
sion of the optic nerve is the immediate seat of vision. The 
iris, 0, 0, is seen through the cornea, and is a thin membrane, 
or curtain, of different colours in different persons, and therefore 
gives colour to the eyes. In black eyed persons it is black, in 
blue eyed persons it is blue, &c. Through the iris, is a cir^ 
cular opening, called the pupil, which expands or enlarges 
when the light is faint, and contracts when it is too strong. 
The space between the iris and the cornea is called the ante' 
rior caamber of the eye, and is filled with the aoueous humor, 
so called from its resemblance to water. Benind the pupil 
and iris is situated the crystalline lens e which is a firm and 
perfectly transparent body, through which the rays of light 
pass from the pupil to the retina. Behind the lens is situated 
the posterior cnamber of the eye, which is filled with the vitre- 
ousiiumor, v, v. This humor occupies much the largest por- 

» What is the form of the human eye 1 How many coats, or membranes, 
has the eyel What are they called % How many fluids has the eye, and 
what are they called 1 Y^at is the lens of the eye called? What coat 
forms the white of the eye? Describe where the several coats and humors 
are situated. What is the iris 1 What is the retinal Where is the c 
of vision ? 
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tton of die whok eye^ and cm it depencb the shape and per- 
manency of the organ. 

From the above description of the eye, it will be easy to 
trace the progress of the rays of li^ht through its sereral partsi 
and to explain in what manner vision is performed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the 
rays, when compared with the whole number, to enter the 
eye, in order to make the object visible* 

Fig. 159. _ - Thus, the object a 5, fig. 

159, bein^ placed in the light» 
sends fortfi pencils of rays in 
all possible directions, some 
of which will strike the eye in 
any position where it is visible. 
^y^ These pencils of rays not. only 
flow from the points designa- 
ted in the figure, but in the 
same manner from every other 
- point on the surface of a vist* 
^ ble object To render an ob- 
ject visible, therefore, il is only 
necessary that the eye should 
collect and concentrate a suf- 
ficient number of these rays 
on the retina to form its 
ima^e there, and from tliis 
image the sensation of vision is excited. 
Fig. leo. 





From the luminous body Z, fig. 160, the pencils of rays flow 
in all directions, but it is only by those which enter the pupil, 
that we gain any knowledge of its existence ; and even these 

What is the design of fig. 159 1 What is said concerning the small nvatk- 
ber of the rays which enter the eye iStom a visible object 1 Eaqplain the de- 
sign of fig. 159. 
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would convey to the mind no distinct idea of the object, on* 
less they were refracted by the humours of the eye, for did 
these rays proceed in their natural state of divergence to the 
retina, the image there formed would be too extensire, and 
consequently too feeble to give a distinct sensation of the 
object 

It is, therefore, by the refracting power of the aqueous 
humor, and of the crystalline lens, that the pencils of rays are 
so concentrated as to form a perfect picture of the object on 
the retina. 

We have already seen, that when the rays of light are made 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted ; the same happens when the 
rays are made to cross each other by refraction through a 
convex lens. This, indeed, must be a necessary consequence 
of the intersection of the rays: for as light proceeds in 
straight lines, those rays which come from the lower part of 
an object, on crossing those which come from its upper part, 
will represent this part of the picture on the upper half of the 
retina, and for the same reason the upper part of the object 
will be painted on the lower part of the retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 
contrary. 

This is readily proved by taking the eye of an ox, and cut^ 
ting away the sclerotic coat, so as to make it transparent on 
the back part, next the vitreous humor. If now a piece- of 
white paper be placed on this part of the eye, the images of 
objects will appear figured on the paper in an inverted position. 
The same effect will be produced on looking at things through 
an eye thus prepared ; tney will appear inverted. 

Why would not the rays of light give a distinct idea of the obioct without 
refraction b^ the humors of the eye? Explain how it is that tne images of 
objects are mverted on the retina. What experiment proves that the images 
of objects are inverted on the retina 1 
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Ag.l6I. The actual 

position of the 
vertical object 
a, fig. 161, as 
painted on the 
retina, is there- 
fore such as is 
represented by 
the figure. The 
rays from its 

upper extremity, coming in divergent lines, are converged 
by the crystalline lens, and fall on the retina at o ; while 
those from its lower extremity, by the same law, fall on the 
retina at c. 

In order that vision may be perfect^ it is necessary that the 
images of objects should be formed precisely on the retina, and 
consequently, if the refractive power of the eye be too small, 
or too great, the image will not fall exactly on the seat of vis- 
ion, but Avill be formed either before, or tend to form behind 
it. In both cases, perhaps, an outline of the object may be 
visible, but it will be confused and indistinct. 

If the cornea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, that 
of two lenses, that which is most convex will have the least 
focal distance. Such is the defect in the eyes of persons who 
are short sighted, and hence the necessity ot their bringing ob- 
jects as near the eye as possible, so as to make the rays converge 
at the greatest distance behind the crystalline lens. 

The efifect of uncommon convexity in the cornea on the 
rays of light, is shown at fig. 16^, where it will be observed 

Pig. 162. 




that thjB image, instead of being formed on the retina r, w 

Exjpkim fig. 161. Sappose the lefiractiTe power of the eye is too gieat or 
toe tittle, why will viakm he tmperfecti If the cornea k too convex, when 
will the image he fanned 1 
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impended m the vitreous humour, in consequence of there 
being too great a refractive power in the eye. It is hardly 
necessary to say, that in this case, vision must be very imper- 
fectly performed. 

This defect of sight is remedied l^ spectacles, the glasses 
of which are concave lenses. Such glasses, by rendering die 
rays of light less convergent, before mey reacn the eye, coun- 
teract the too great convergent power of the cornea and lens, 
and thus throw the image on the retina.'^ 

li, on the contrary, the humours of the eye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye ball will not be sufficiently distended, and 
the cornea will become too flat, or not sufficiently convex, to 
make the rays of light meet at the proper place, and the im- 
age will therefore tend to be formed b^ond the retina, instead 
of before it, as in the other case. Hence aged people, who 
labor under this defect of vision, cannot see distinctly at ordi- 
nary distances, but are obliged to remove tiie object as fer 
from the eye as possible, so as to make its refractive power 
bring the image within the seat of vision. 

The defect arising from this cause is represented by figure 
163, where it will be observed that the image is formed behind 
Fig. 163. 




the retina, showing that the convexity of the eomea is not 
sufficient to bring the image within tlic'seat of distinct vision* 
This imperfection of sight is common to aged persons, and is 
corrected in a greater or less degree by double convex lenses, 
such as the common spectacle glasses. Such glasses, by caus- 
ing the rays of light to converge, before they meet the eye, aa- 

How is the sight improved when the cornea is too convex 7 How do such 
tenses act. to improve me aghk'i Wh^ do the rays tend to meet ^hen the 
eomea u not snfficienthr oativex 1 How is vision assisted when tiie ey« 
wants convexity 1 How do^onvez lenses help tfa« sight of aged peoplel 
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sMt the refractive power of the erystalline lens, and thus bring 
the focus, or image, within the sphere of vision. 

It has been considered* difficult to account for the reason 
why we see objects erect, when they are painted on the retina 
inverted, and many learned theories hsve been writt^i to ex- 

Elain this fact But it is most probable that this is owing to 
abit, and that the image, at the bottom of the eye, has no re- 
lation to the terms above and below, but to the position of our 
bodies, and other things which surround us. xhe term per- 
pendiculoTt and the idea which it conveys to the mind, is 
merely relative ; but when applied to an object supported by 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by turning our books upside down, what we now call 
the upper part of Uie book would have been its under part, 
and that reading would have been as easy in that position as 
in any other, is plain from the fact that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision, The angle under which the rays of light, 
coming from the extremities of an object, cross each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. 

Suppose the object a, 5, fig. 164, to be four feet long, and 
to be placed ten feet from Uie eye, then the rays flowing from 
Fig. 164. 




its e^ctremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object 

■» I ■ ■ ■ ■ I I •< If II ■ ■ 

Whrdo-we see thinffB erect, when the images are inverted on the felinal 
What 18 the viroal an^ 1 
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18 at the same distance. If die object be gradually moved to- 
wards the eye, to the place c dj then the an^le will be mdu- 
aUy increased in quantity, and the object will appear &rger, 
since its image on the retina will be increased in length in the 
proportion as the lines i i are wider apart than o o. On the 
contrary, were a h removed to a greater distance from the 
first position, it is obvious that the angle would be diminished 
in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of light, form an angle at the eye, 
which is called me visual angle, or the angle under which 
things are seen. The lines anh therefore form one visual 
angle, and the lines end another visual angle. 

We see from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary accord- 
ing to their distances from the eye, and that these magnitudes 
diminish in a proportion inversely as their distances increase. 
We learn also, from the same principles, that objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appa- 
rent magnitudes equal. Thus the three arrows a, 6, and m 
though differing so much in length, are all seen under the sam« 
visual angle. 

In the apparent magnitude of objects seen through a lens 
or when their images reach the eye by reflection from a mir- 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magnitudes were before unknown, we are also 
guided more or less by the visual angle, though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating in the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
diflference in their visual angles, and of their real magnitudes 
by the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of its magnitude by our experience, and no* 

How mftv the visual angle of the same object be increased or diminished 7 
When do objects of different magnitudes form the same visual angle ? Ex- 
plain fig. 164. Under what dicumstances is our sense of vision glided en- 
tirely by the visual angle 1 How do we jud^ of the maiputudes of distanl 
objects 1 How do we judge of the comparative dze of olgects near us 1 
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eiiiuel^ by the viftual angle. Thus, the three arrows, a, e, m, 
fig. 164, all of them make the same ande on the eye, and yet 
we know by further examination, that they are all of different 
lengths. And so the two arrows a b, and c d, though seen un^ 
der different visual angles, will appear of the same size, because 
experience has taught us that this difference depends only on 
the comparative distance of the two objects. 

As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when the distance is 
so great as to make the angle too minute to be perceptible to 
the eye, then the object becomes invisible. Thus, when we 
watch an eagle, flying from us, ihe angle of vision is gradually 
diminished, until the rays proceeding from the bird form an 
motage on the retina too small to excite sensation, and then we 
say, the eagle has flown out of sight 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual an^le is en- 
larged, by means of a convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

llie actual size of an image on the retina, capable of exci- 
ting sensation, and consequently of producing vision, may be 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be than 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibility, to be excited by a cause so minute. It has been es- 
timated that the image of a man, on the retina, seen at the dis- 
tance of a mile, is not more than the five thousandth part of 
an inch in length. 

On the contrary, if the object be brought too near the eye, 
its image becomes confused and indistinct, because the rays 
flowing from it, fall on the crystalline lens in a state too diver- 
gent to be refracted to a focus on the retina. 

*V]3en does a letreating object become invifflble to the e;^e 1 How does a 
coiirex lens act to make us see objects which are invisible without it 1 What 
is said of the actual size of an image on the xetinal Why are objects indis- 
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F»g- 165^ This will be apparent by 

fig. 165, where we suppose 
that the object a, is brought 
within an inch or two of Oie 
eye, and that the rays pro- 
ceeding from it enter the pu- 
pil so obliquely as not to be 
refracted by the lens, so as 
to form a distinct image. 
Could we see objects dis- 
tinctly at the shortest distance, we should be able to examine 
«,aings that are now invisible, since the visual angle would then 
be increased, and consequently the image on the jetina en- 
larged, in proportion as objects were brought near the eye. 
This is proved by intercepting the most divergent rays ; m 
which case an object may be brought near the eye, and will 
then appear greatly magnified. Make a small orifice, as a pin- 
nole, through a piece of dark colored paper, and then look 
through the orifice at small objects, such as the letters of a 
printed book. The letters will appear much magnified. The 
rays, in this case, are refracted to a focus, on tne retina, be- 
cause the small orifice prevents those which are most divergent 
from entering the eye, so that notwithstanding the nearness 
of the object, the rays which form the image are nearly 
parallel. 

Optical Instruments, 

Single Microscope. The principle of the single micro- 
scope, or convex lens, will be readily understood, if the pupil 
will remember what has been said on the refraction of lenses, 
in connexion with the facts just stated. For, the reason why 
objects appear magnified through a convex lens, is not only 
because the visual angle is increased, but because when 
brought near the eye, the diverging rays fropi the object are 
rendered parallel by the lens, and are thus thrown into a con- 
dition to be brought to a focus in the proper place by the hu- 
mors. 

Suppose objects could be seen distincdywithin an inch or two of the<eye, 
how would their dimensions be affected 1 How is it proved that objects placed 
near the eje^ are magnified 1 How does a small orifice enable us to see 
an object distinctly near the eye? Why does a convex lens make an object 
distinct when near the eye 1 
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Fig. 166. Let a, fig. 106, 

be the distaace at 
which an object 
can be seen dis- 
tinctly, and &, the 
distance at which 
the same object is 
seen through the 
lens, and suppose 
the distance of a, from the eye, be twice that of b. Then, be- 
cause the object is at half the distance that it Avas before, it 
will appear twice as large ; and had it been seen one third, 
one fourth, or one tenth its former distance, it would have 
been magnified three, four, or ten times, and consequently its 
surface would be increased 9, 16, or 100 times. 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
few threads of spun glass in a cancfle. Small globules of 
water placed in an orifice through a piece of tin, or other thin 
substance, will also make very powerful microscopes. In 
these minute lenses^ the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought very 
near the instrument. 

The Compound Microscope consists of two convex lenses, 
by one of which the image is formed within the tube of the 
instrument, and by the other this image is magnified, as seen 
by the eye ; so that by this instrument the object itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

The small lens placed near the object, and by which its 
image is formed within the tube, is called the ooject glass^ 
while the larger one, through which the image is seen, is 
called the eye glass. 

This arrangement is represented at fig. 167. The object a 
is placed a little beyond the focus of the object glass 5, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through the eye 



Explain fig. 166. How are the most powerful sin^e microscopes made % 
How many tenses form the compound microscope ? Which is the ohjeot and 
which the eye glassl Is the object seen with this instrument^ or only its 
imagel 
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Fig. 167. 




glass (2, hyr which it is a^in ma^ified, and it is at last figured 
on the retina in its original position. 

These glasses are set in a case of brass, the object glass be- 
ing made to take out, so that others of different magnifying 
powers may be used, as occasion requires. 

The Solar Microscope consists of two lenses, one of which is 
called the condenser, because it is employed to concentrate the 
rays of the sun, in order to illuminate more strongly the object 
to be magnified. The other is a double convex lens, of con- 
siderable magnifying power, by which the image is formed. 
In addition to these lenses, there is a plain mirror, or piece of 
common looking-glass, which can be moved in any direction, 
and which reflects the rays of the sun on the condenser. 

Fig< 168. 




The object a, fig. 168, being placed nearly in the focus of 
the condenser 6, is strongly illuminated, in consequence of tlie 
rays of the sun being thrown on ft, by the mirror c. The ob- 
ject is not placed exactly in the foe. of the condenser, be- 
cause, in most cases, it would be soon destroyed by its heat. 

Explain fig. 167, and show where the in^age is fonned in this tube. How 
many lenses has the solar microscope 1 Why b one of the lenses of the 
solar microscope called the condenser 1 Describe the uses of the two lenses 
and the reflector. 
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and because the focal point would Oluminate onlv a nnall ■ 
extent of surface, but may be exactly in the focus of the small 
lens (2, by which no such accident can happen. The lines o o* 
represent the incident rays of tiie sun, which are reflected oa 
the condenser. 

VHien the solar microscope is used, the room is darkened, the 
only light admitted being that which is thrown on the object 
by the condenser, which light passing through the small lens, 
gives the magnified shadow 6, of the small object a, on the 
wall of the room, or on a screen. The tube containing the 
two lenses is passed through the window of the. room, the re- 
flector remaining outside. 

In the ordinanr use of this instrument, the object itself is 
not seen, but onfy its shadow on the screen, and it is not de- 
signed for the examination of opaque objects. 
. When the small lens of the solar microscope is of great 
ma^ifpng power, it presents some of the most striking and 
cunous of optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgusting ; and the 
insects fi"om common vinegar appear eight or ten feet long, 
and in* perpetual motion, resembling so many huge serpents. 

Telescope. The telescope is an optical instrument, employ- 
ed to view distant bodies, and, in enect, to bring them nearer 
the eye, by increasing the apparent angles under which such 
objects are seen. 

These instruinents are of two kinds, namely, refracting^ 
and reflecting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kind, the image is seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with the 
face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders, of other worlds, and gives 
us the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will be readily comprehend- 
ed after what has been said concerning the compound micro- 
scope, for the two instruments difler chiefly in respect to the 

Ib the object, or only the shadow, seen by this instrument 1 What is a 
telescope? How many kinds of telescopes are mentioned 1 What is the dif- 
ference between them 1 -In what respect does the refracting telescope dii&r 
firom the compoiind microscoiw 1 

16* 
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place of the object lens, that of the microscope haying a skoH* 
while that of the telescope has a long, focal distance. 

Refracting Telescope, The most simple refracting teles- 
scope consists of a tube, containing two convex lenses, Uie one 
having a long, and the other a short, focal distance. (The 
focal distance of a double convex lens, it will be remembered, 
is nearly the centre of a sphere, of which it is a part.) These 
two lenses are placed in the tube, at a distance from each 
other equal to the sum of their two focal distances. 
Fig. 169. 




Thus, if the focus of the object glass a, fig. 169, be eight 
inches, and that of the eye ^lass h two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart; and the 
^ame rule is observed^ whatever may be the focal lengths of 
any two lenses. 

Kow, to understand the effect of this arrangement^ mippose 
the rays of light, c d, coming from a distant object, a* a star, 
to fall on the object glass a, m parallel lines, and to be refract- 
ed by the lens to a focus at e, where the image of the *tar will 
be represented. This image is then magnified by the eye 
glass 6, and thus, in effect, is brought near the eye. 

All that is effected by the telescope, therefore, is to fo»<n an 
image of a distant object, by means of the object ien« and 
then to assist the eye in viewing this image as nearly a«> pos- 
sible by the eye lens. 

It is, however, necessary here to state, that by the \p^t 
figure, the principle only of the telescope is intended to be ex- 
plained, for in the. common instrument, with only two glasses, . 
the image appearsto the eye inverted. 

The reason of this wUl be seen by the next figure, where the 
direction of the rajnr of figbt will show the position of the image. 

How is the most simple lefractinff telesco|)e fonned 1 Which is the object, 
and whidi the eye lemi, in fig. 169 T What is the rule hy which the distance 
of the two glasses apart is found 1 How do the two glasses act, to bring an 
ohject near the eye 1 



TELB8C0PB. 
Fv. 17D. 



i8r 




Suppose 0, fig. 170, to he a distant object, from which pencils 
of rays flow firom every point toward me object lens b. The 
unage of a, in consequence of die refraction of the rays by 
the object lens, is inverted at c, which is the focus of the eye 
glass d, and through which the image is then seen, still in- 
verted. 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po- 
sitions, in this respect, do not affect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect, 
and therefore those constructed for such purposes, as ship, or 
spy glasses, have two additional lenses, by means of which, the 
images are made to appear in the same position as the objects. 
These are called double telescopes. 
Fig. 171. 




Such a telescope s represented at fig. 171, and consists of 
an object glass a, and three eye glasses, ft, c, and d. The eye 

glasses are placed at equal distances from each other, so 
lat the focus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
the other three lenses, to the eye. The rays coming from the 
object 0, cross each other at the focus of the object lens, and 
thus form an inverted image at/. This image being also in the 

Explain fig. 170, and ehow how the object oomes to be inYerted by the 
two leiues. llow is the invendon of the object corrected 1 Ebcplain fig. 171, 
and show why the two additional lenses make the image of the object eieet 
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foeoB of the first eye dass, h ^e rays haTinfjr passed througli 
this riass become panulel, for, we have seen, in another place, 
that diverffing rays are rendered parallel by refraction through 
a convex fens. The rays^ thereiore, pass parallel to the next . 
lens, c, by which they are made to conyerge, and cross each 
other, ana thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, bein^ in 
the focus of the eye glass <2, is seen in the natural position, 
or in that of the object 

The apparent magnitude of the object is not changed by 
these two additional glasses, but depends, as in Ag. 170, on the 
magnifying power of the eye and object lenses ; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high magnifying pow- 
er cannot be employee! in the refracting telescope, because it 
disperses the rays of light, so that the unage becomes indis- 
tinct Many experiments were formerly* made with a view to 
obviate this difficulty, and among these it was found that in- 
creasing the focal distance of the object lens, was the most 
efficacious. But this was attended with great inconvenience, 
and expense, on account of the length of tube which this mode 
reouired. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reflecting Telescope, The common reflecting telescope 
consists of a large tube, containing two concave reflecting mir- 
rors, of different sizes, and two eye passes. The object is 
first reflected from the large mirror to the small one, and from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it need 
only be stated, th^t the refracting telescope, with a focal lenffth 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred times. 

Does the addition of these two lenses make any^ diiference with the appar 
rent magnitude of the object 1 Why cannot a highly magnifjrin^ ej^ glass 
be used in the telescope 1 What is the most efficacious means of mereasing 
the power of the refracting telescope 1 How many lenses and mimfiO form 
the reflectine telescope 1 What are the advantages of the reflecting ovsr Che 
refracting tSeeoope'i 
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The principle and construction of the reflecting telescope 
will be understood by fig, 172. Suppose the object o to be at 
such a distance, that the rays of hgnt from it pass in parallel 
lines, /), ^, to the great reflector, r, r. This reflector beinff 
concave, the rays are converged by reflection, and cross each 
other at a, by which the image is inverted. The rays then 
pass to the small mirror, ft, which being also concave, they are 
thrown back in nearly parallel lines, and having passedi the 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they are refracted to a focus, and 
cross each other between e and cZ, and thus the image is again 
inverted, and brought to its orignal position, or in the position . 
of the object. • The rays then, passing the second eye glass, 
form the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backwards and forwards, by means of a screw, so 
as to adjust the image to the eye» of diflerent persons. 
Both mirrors are made of a composition, consisting of several 
metals melted together. 

One great advantage which the reflecting telescope possess- 
es over the refracting, appears to be, that it admits of an eye 
glass of shorter focal distance, and consequently, of greater 
magnif3dng power. The convex object glass of the refracting 
instrument does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refrac- 
tion. This difficulty does not occur in the reflected image 
from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more hignly magnified 

The instrument just described is called ** Gregory's teles- 
cope,'** because some parts of the arrangement were invented 
by Dr. Gregory. 

^x^Iain fig. 173, and show the ooune of the rays fiom the object to the eye. 
Why 18 the small jmrror in this instrument made to move by means of a scraw 1 
What 18 the advantage of the reflecting telescope in respect to the eve glass 1 
Why b the teleioope with two reflectors called Gr^goiy's teleMope 1 
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In die telescope made by I>r. Henchel, the oliject is reflect- 
ed bj a mirror, as in that of Dr. Gregory. But the second, 
or small reflector, is not employed, the image being seen 
through a convex lens, placed so m to maffnif^r the image of 
the larffe mirror, so that the observer stands with his back to- 
wards we object. 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
imaffe fainter, since no mirror is so perfect as to throw back 
all tne rays which fall upon its surface. 

In Dr. Herschel's grand telescope, the largest ever con- 
structed, the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet. This reflector was three and a hall 
inches thick, and weighed 2000 poimds. Now, since the fo- 
cus of a concave mirror is at the distance of one half the semi- 
diameter of the sphere, of which it is a section, Dr. Herschel's 
reflector having a focal distance of 40 feet, formed a part of 
a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years afterwards^ The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1822, and another of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by Herschel's son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This has a concave 
reflector of 15 inches in diameter, with a focal length of 25 
feet, and was erected in 1820. 

Camera Ohscura. Camera obscura strictly signifies a dark- 
ened chamber, because the room must be darkened, in order 
to observe its eff*ects. 

To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the li^ht. Then 
from an aperture, say of an inch in diameter, admit « single 
beam of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will, be seen 
inverted on the wall opposite to where the light is admitted, or 
on a screen of white paper, placed before the aperture. 

How does this instniment differ from Dr. Herschel's telescope? What 
wras the focal distance and diameter of the mirror in Dr. Herscnel's great 
telescope? Where is the larcest Herschel's telescope now in existence 1 
What 18 the diameter and focsd distance of the reflector of this telescope f 
Describe the phenomena of the camera obscura. 
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The reason why the image is inverted, will be obvious, 
when it is remembered that the rays proceeding from the 
extremities of the object must converge in order to pass 
through the small aperture ; and as the rays of light always 
proceed in straight lines, they must cross each otner at the 
point of admission, as explained under the article Vision. 



Fig. ITS. 




Fig. 174. 



Thus the pen- 
cil a, fig. 173, 
coming from the 
upper part of the 
tower, and pro- 
ceeding straight 
will represent 
theima^eofthat 
part at % while 
the lower part 
Cf for the same 
reason will be 
represented at d. If a convex lens, with a short tube, be pla- 
ced in the aperture through which the light passes into the 
room, the images of things will be much more perfect, and 
their colors more brilliant. 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation of 
a landscape, an outline of the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica 
tions of this machine, and among 
them the revolving camera ol> 
scura is the most interesting. 

It consists of a small house, 
fig. 174, with a plane reflector, 
. a 5, and a convex lens, c &, pla- 
ced at its top. The reflector is 
fixed at an angle of 45 degrees 
with the horizon, so as to reflect 

Why is the image fimned by the camera obflcmra inserted ? How may an 
outline of the mia^ Ibrmed by the camoa dbecura be taken 1 Deicribe the 
xeTol«ing camera oiMcuia. 
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the rays of light perpendicularly downwards, and is made to 
revolre quite around, in either direction, by pulling a string. 

Now suppose the small house to be placed in the open air, 
with the mirror a 6, turned towards the east, then the rays of 
li^ht flowing from the objects in that direction, will strike the 
mirror in the direction of the lines o, and be reflected down 
through the convex lens c 5, to the table e e, where they will 
form m miniature a most perfect and beautiful picture of the 
landscape in that direction. Then by making the reflector 
revolve, another portion of the landscape may be seen, and 
thus the objects in all directions can be viewed at k without 
changing the place of the instrument 

The magic Lantern. The Magic Lantern is a microscope, 
on the same principle as the solar microscope. But instead 
of being usea to magnify natural objects, it is commonly em- 
ployed for amusement, by casting the shadows of small trans- 
parent paintings done on glass, upon a screen placed at a pro- 
per distance. 

Tig, lib. 




Let a candle, c, ^s. 175, be placed on the inside of a box, or 
tube, so that its light may pass through the plano-convex lens n, 
and strongly illuminate the object o. This object is generally a 
small transparent painting on a slip of glass, which slides 
through an opening in the tube. In order to show the figures in 
the erect position, these paintings are inverted, since their sha- 
dows are again inverted by the refraction of the convex lens m. 
In some of these instruments, there is a concave mirror, d, 
by which the object, o, is more strongly illuminated than it 
would be by the lamp alone. The object is magnified by the 

Wkat is the magic lantern 1 For what purpose is this instrument em- 
plojed 1 Describe the construction and effect of the magic lantern. 
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^louble convex lens, m, wM-.h is moveable in the tnbe bv a 
screw, 80 that its focus ca« be adjusted to the required dis- 
tance. Lastly, there is a s*. een of white cloth, placed at the ' 
proper distance, on which the image, or shadow pf the pic- 
ture, is seen greatly magnified. 

Tlie pictures, being of various colors, and so transparent, 
that the light of the lamp shines through them, the shadows 
are also of various colors, and thus soldiers and horsemen 
are represented in their proper costume. 

Chromatics^ or the philosophy of Colors. 

We have thus far considered light as a simple substance, 
and have suj>posed that all its parts were equally refracted, in 
its passage through the several lenses described. But it will 
now be shown that light is a compound boily, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece of 
glass, of a certain shape. 

The discovery, that light is a compound substance, and 
that it may be decomposed, or separated into parts, was made 
by Sir Isaac Newton. 

If a ray, proceeding from the sun, be admitted into a dark- 
ened chamber, through an aperture in the window shutter, 
and allowed to pass through a triangular shaped piece of glass, * 
called a prism, the light will be decomposed, and instead of a 
spot of white light, there ^vill be seen on the opposite wall, a 
most brilliant display of colors, including all those which are 
«een in the rainbow. 

Pig.na 




vM&ci:^^"*' 



Who made the dfiseofvery that fight b a oomptinnd sobitanoel In what 
maaner ami by what means, is liffht d«>compoaoa 1 

17 
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Suppose Sf fig, 176, to be a ray firom the Ban, admitted 
througn the window shutter a, in such a direction as to fidl on 
the floor at c, where it would form a round, white spot. Now, 
on interposing the prism />, the ray wiU be refracted, and at the 
same time decomposed, and will form on the screen m n, an 
oblong figure, containing seven colors, which will be situated 
in respect to each other, as named in the figure. 

It may be observed that of all the colors, the red is least 
refracted, or is thrown the smallest distance from the direc- 
tion of the original sun beamj and that the violet is most re- 
fracted, or bent out of that direction. 

The oblong image containing the colored rays, is called 
the solar or prismatic spectrum. 

That the rays of the sun are composed of the seven colors 
above named, is sufficiently evident by the fact, that such a 
ray is divided into these -several colors by passing through 
tlie prism, but in addition to this proof, it is found by experi- 
ment, that if these several colors be blended or mixed togeth 
er, white will be the result 

This may be done by mixing together seven powders, whose 
colors represent the prismatic colors, and whose quantities are 
to each otlier, as the spaces occupied by each color in -the 
spectnim. When this is done, it will be found that the re- 
sulting color will be a greyish white. A still more satisfactory 
proof that these seven colors form white, when united, b ob- 
tained by causing the solar spectnim to pass through a lens, 
by which they are brought to a focus, when it is found that 
the focus will be the same color as it would be from the 
original rays of the sun. 

From the oblong shape of the solar spectrum, we learn tliat 
each of the colored rays is refracted in a different degree by 
passing through the same medium, and consequently that each 
ray has a refractive power of its own. Thus from the red to 
the violet, each ray in succession, is refracted more than the 
other. 

The prism is nut the only instrument by which light can be 

What ure the prismatic colors, and how do they succeed each other in the 
spprifuml Which color is refracted most, and which least? When the se- 
veral prismatic colors arc Wended, whai color is the result 1 When the solar 
sj'eclruin is made to pass through a lens, what b the color of the fixnis? 
How do we learn that each colored ray has a refractive power of its own ? 
By /. bat other means beskle the prism, can the rayt if light be deoompoeed '2 
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decomposed. A soap bubble blown up In the sun will display 
most of the prismatic colors. This is accounted for by sup- 
posing that the sides of the bubble vary in thickness, and 
that the rays of light are decomposed by these variations. 
The unequal surface of mother of pearly andmany otlier shells, 
send forth colored rays on the same principle. 

Two surfaces of polished ^lass, when pressed together, will 
also decompose the light. Rings of colored light will be ob- 
served round the point of contact between the two surfaces^ 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the fingers, will display most of the 
prismatic colors. 

A variety of substances, when thrown into the form of the 
triangular prism, ^vill decompose the rays of light, as well as 
a prism of glass. A very common instrument for this purpose 
is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edges cemented with puttv, so as to make the whole water 
tight. When this is fillerf with water and held before a sun 
beam, the solar spectrum will be formed, displaying the same 
colors, and in the same order, as that above described. 

In making experiments with prisms filled with different 
.kinds of liquids, it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
farther apart by one fluid, than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice as long as that formed by a prism 
of solid glass. The oil of cassia is therefore said to disperse 
the rays of light more than glass, and hence to have a great- 
er dispersive power. 

The Rainbow, The rainbow was a phenomenon, for which 
the ancients were entirel)'* unable to account ; but after the 
discovery that light is a compound principle, and that its col- 
ors may be separated by various substances, the solution of 
this phenomenon became easy. 

Sir Isaac Newton, after his great discovery of the compound 

How may ligjht be decomposed by two fneces of ^lass 1 Of what sub- 
fltanoes may prisms be formed, besides glass ? "What is said of bome liquids 
making the spectrum larger than others 1 What is said of oil of cassia, in 
Ihk Twpecti What discovery preceded the explanation of the rainbow ) 
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nature of light, and the different refrangibilitjr of the colored 
rays, was aole to explain the rainbow on optical principles. 

If a glass globe be ^suspended in a room, where the rays of 
the sun can mil upon it, tne light will be decomposed, or sepa- 
rated into several colored rays, in the same manner as is 
done by the prism. A well defined spectrum will not, how- 
ever, be formed by the globe, because its shape is such as to 
disperse some of the rays, and converge others ; but the eye, 
by taking different positions in respect to the globe, will ob- 
serve the various prismatic colors. Trans pareut bodies, 
such as glass and water, reflect the rays of light from both 
their surfaces, but chiefly from the second surface. That is, 
if a plate of naked fflass be placed so as to reflect the image 
of the sun, or of a la^ip, to the eye, the most distinct ima^e 
will come from the second surface, or that most distant from the 
eye. The great brilliancy of the diamond is owing to this cause. 
It will be understood directly, how this principle applies to 
the explanation of the rainbow. 

^*e-l'^- Suppose the 

circle a b c, fig. 
177, to represent 
a globe or a drop 
of rain, for eacn 
drop of rain, as it 
W falls through the' 
air, is a small 
globe of water. 
Suppose, also, 
that the sun is at 
s, and tlie eye ol 
the spectator ate. 
Now, it has already been stated, that from a single globe, the 
whole solar spectrum is not seen in the same position, but 
that the different colors are seen from different places. Sup- 
pose then, that a ray of light from the sun s, on entering 
the globe at a, is separated into its primary colors, and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line from a to b. From the second, or inner sur- 
face of the globe, it would be reflected to c, the angle of re- 

Who fkrrt explained the rainbow on optical princtpleal Why does not a 
glass globe form a well defSned spectrum 1 From which surface do transpa- 
rent bodies chiefly reflect the tight 1 Explain fig. 177, and show the diflbrent 
rofiactbns, and the rBflection conoemed in fonning the rainbow. 
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lleetioii being eqaal to that of incidence. On passin^^ out of 
the globe, its refraction at c, would be just equal to the refrac- 
tion of the incident ray at a, and therefore tlie red ray would 
&11 on the eye at e. All the other colored rays would follow 
the same law, but because the angles of incidence and those 
of reflection are equal, and because the colored rays are sepa- 
rated from each other, by unequal refraction, it is obyious tnat 
if the red ray entered the eye at c, none of the other colored 
rays could be seen from the same point. 

From this it is evident, that if the eye of the spectator is 
moved to another position he will not see the red ray coming 
from the same drop of rain, but only the blue, and if to ano- 
Uier position, the green, and so of all the others. But in a 
shower of rain, there are drops at all heights, and distances, 
and though they perpetually change their places, in respect to 
the sun and the eye, as they fall, still there will be many 
which will be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow rays, and so 
of all the other colors. 



Fig. 178. 




This will be made 
obvious by fig. 178, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colors 
are to be seen. 

The numbers 1, 
2, 3, are the rays of 
the sun, proceeding 
to the drops a, &, 
c, and from which 
these rays are re- 
flected to the eye, 
making diflferent 
angles with the 
horizontal line A, 
because one colored 



In the ease supposed, why will only the red ray meet the eyol Suppose 
a penoQ looking at a' rainbow moves his eye, will he see the same colors from 
the eame drop of rain 1 Explain hg. 178, and show why we see di^emit 
coloni fiom'difleient drops of rain. 

17» 
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ny is refracted more than another. Now irappose the red ray 
omy reaches the eye from the drop <i, the green from the drop 
6, and the violet from the drop c, tnen the spectator would see 
a minute rainbow of three colors. But during a shower of rain, 
aU the drops which are in the position of a, in respect to the 
eye, would jsend forth red rays, and no other, while those in the 
position of 6, would emit green rays, and no other, and those in 
the position of c, violet rays, and so of all the other prismatic 
colors. Each circle of colors of which the rainbow is formed, 
is therefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dis- 
tinct to our senses, is, that we see only one color from a single 
drop, with the eye in the same position. It follows, then, that 
if we change our position, while looking at a rainbow, we still 
see a bow, but not the same as before, and hence, if there are 
many spectators, they will all see a difi^rent rainbow, though it 
appears to be the same. 

There are often seen two rainbows, the one formed as 
above described, and the other which is fainter, appearing 
on the outside, or ^bove this. The secondary bow, as this 
last is called, always has its order of colors the reverse of the 
primary one. Thus the colors of the primary bow, beginning 
with its upper, or outermost portion, are red, orange, yellow, 
6lc. the lowest, or innermost portion being violet, while the 
secondary bow, beginning witn the same corresponding part, 
is colored, violet, indigo, &.c. the lowest, or innermost circle 
being red. 

In the primary bow we have seen, that the colored rays 
arrive at the eye after two refractions, and one reflection. 
In the secondary bow, the rays reach the eye after two re- 
fractions, and two reflections, and the order of the colors is 
reversed, because in this casje, the rays of light enter the 
Jower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colors are fainter in the 
secondary than in the primary bow is, because a part of the 
light is lost or dispersed, at each reflection, and there being 
two reflections, by which this bow is formed, instead of one, 
as in»the primary, the diflference in brilliancy is very obvious. 

Do several persons see the same rainbow at the same time 1 Explain the 
reason of this. How arc the colors of the primary and secondary bows ar- 
ranged in respect to each other 1 Plow many refractions and reflections pro- 
duce the secondary bow 1 Why is the secondaiy bow. leas brilliant than tha 
primary 7 
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The direction of a single ray, showing how the secondary 
bow is formedy will be seen at iig. 1 79. 

FiglTO. The ray r, 

from the sun, 
enters the 
drop of wa- 
ter at a, and 
is refracted 
to 6, then 
reflected to c, 
then again 
reflected to 
(2, where it 
suffers an- 
other refrac- 
tion, and lastly, passes to the eye of the spectator at e. 

The rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower. It assumes the form of a semicircle, because it is only 
at certain angles that the refracted rays are visible to the eye. 
Of ike colors of things. The light of the sun, we have 
seen, may be separated into seven primary .rays, each of 
which has a color of its own, and Ivhich is diflerent from that 
of the others. In the objects which surround us, both natural 
and artificial, we observe a great variety of colors, which dif- 
fer from those composing t]ie solar spectrum, and hence one 
might be led to believe that both nature and art aiford col- 
ors different from those afforded by the decomposition of the 
solar rays. But it must be remembered, that the solar spec- 
trum contains only the primary colors of nature, and that by 
mixing these colors in various proportions with each other, 
an indefinite variety of tints, all differing from their primaries, 
may be obtained. 

It appears that the colors of all bodies depend on some pe- 
culiar property of their surfaces, in consequence of which, 
they absorb some of the colored rays, and reflect the others. 
Had the surfaces of all bodies the property of reflecting the 



Why are the colors of things different from those of the solar spectrum 1 
On what do the colors of hodies depend 1 Suppose all bodies reflected the 
came ray what would be the consequence, in regard to color ? 
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\ ray only, all natnre would display the monotony of a 
single color, and our senses would never have known the 
charms of that variety which we now behold. 

AU bodies appear of the color of that ray, or of a tint depend- 
ing on the several rays which it reflects, while all the other 
rays are absorbed, or, in other terms, are not reflected. Black 
and white^ therefore, in a philosophical sense, cannot be consi- 
dered as colors, since the first arises from tlie absorption of aU 
the rays, and the reflectioa of none, and the last is produced 

Sf the reflection of all the rays, and the absorption of none, 
ut in all colors, or shades of color, the rays only are reflect* 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is green, because the surfaces of these 
substances reflect only the green rays, and absorb all the others. 
For ^e same reason the rose is red, the violet blue, and so ol 
all colored substances, every one throwing out the ray of its 
own color, and absorbing all the others. 

To account for such a variety of colors as we see in diflfer- 
ent bodies, it is supposed that all substances, when made suf- 
ficiently thin, are transparent, and consequently, that tliey 
transmit through their surfaces, or absorb, certain rays ot 
light, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit some of the rays of light, and the same is true ol 
several of the o^er metals, which are capable of bein? ham- 
mered into thin leaves. It is therefore most probable, that 
all die metals, could they be made sufliciendy - thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though m die mass they may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no thinner 
dian writing paper, becomes translucent Thus we may safe- 
ly conclude, tnat every substance with which we are ac- 
ouainted, will admit the rays of light, when made sufficiendy 
Uiin. 

Transparent colorless substances, whether solid or fluid, 
such as glass, water, or mica, reflect and transmit light of die 
same color ; that is, the light seen through these bodies, and 
reflected from their surfaces, is white. This is true of all 

Why are not black, and white, considered as colors 1 Why is the color 
of ffrass green 1 How is the Tartetj of colors accounted ior, by considering 
all bodies transparent 1 What is said of the reflection of colored light by 
transparent su b stanoes 1 
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transpareht substances under ordinary circumstances ; but if 
their thickness be diminished to a certain extent, these sub- 
stances will both reflect, and transmit colored light of various 
h^es, according to their thickness. Thus the thin 'plates of 
mica, which are left on the fingers, after handling that sub- 
stance, will reflect prismatic rays of various colors. 

There is a degree of tenuity, at which transparent substan- 
ces cease to reflect any of the colored rays, but absorb, or 
transmit them all, in which Case they become black. This 
may be proved by various experiments. If a soap bubble be 
closely observed, it will be seen that at first, the thickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which turns black, thus transmitting all the 
rays at that part, and reflecting none. The same pnenome- 
non is exhibited, when a film of air, or water, is pressed be- 
tween two plates of glass. At the point of contact, or where 
the two plates press each other with the greatest force, there 
will be a black spot, while around this, there may be seen a 
system of colored rings. 

From such experiments. Sir Isaac Newton concluded, that 
air, when below the thickness of half a millionth of an inch^ 
ceases to reflect light; and also that water, when below the 
thickness of three eighths of a millionth of an inch, ceases to 
reflect light. But that both air and water, when their thick- 
ness is in a certain degree above ^ese limits, reflect all the 
colored rays of the spectrum. 

Now all solid bodies are more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, differing in density from the body itself, such 
as air or water. Even gold is not perfectly compact, since 
. water can be forced through its pores. It is most probable, 
then, that the parts of the ^ame body, diflering in density, 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is found that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color which passes 
through a leaf of gold is green, while that which it reflects is 
yellow. 

From a great variety of experiments on this subject, Sir 

What substance is mentioned, as illustrating this fact? When is it said 
that transparent substances become black 1 How is it proved that fluids ot 
extreme tenuitj, absorb all the rays and reflect none 1 
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Isaac Newton concludes that the transparent parts of bodies* 
according to the sizes of their transparent pores, reflect rays 
of one color, and transmit those of another, for the same rea- 
son that thin plates, or minute particles of uir, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theory, it may be observ- 
ed, that many substances, otherwise opaque, become trans- 
parent, by filling their }mres with some transparent iluid. 

Thus the stone called Hydrophane, is perfect^ opaque, 
when dry, but becomes transparent when dipped in water ; 
and common writing paper becomes translucent, after it has 
absorbed a quantity of oil. The transparency, in these cases, 
may be accounted for, by the different refractive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
tlieir particles by refraction. 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies ; accounts for the pheno- 
mena which these bodies exhibit to us, and explains the laws 
by which their motions, or apparent motions, are regulated. 

Astronomy is divided into DescripfivCj Physical, ana Prac- 
ticah 

Descriptive astronomy demonstrates the magnitudes, distan- 
ces, and densities of the heavenly bodies, and explains the 
phenomena dependant on their motions, such as the change 
of seasons, and the vicissitudes of day and night . 

Physical astronomy explains the theory of planetary mo- 
tion, and tlie laws by which this motion is regulated and sus- 
tained. 

Practical astronomy details the description and use of as- 
tronomical, instruments, and dev elopes the nature and appli 
cation of astronomical calculations. 

The heavenly bodies are divided into three distinct classeSf 

What is the conclusion of Sir Isaac Newton, concerning the tenuity at 
which water and air cease to reflect lij^ht 1 What is said of the porous na- 
ture of solid bodies'! What ir astronomy? How is astronomy divided 1 
What does descriptive astronotnjr teach 7 What is the object of phTskai 
astronomy 1 What is practical astionomy 1 
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or syBtems, namelj, the solar system, consisting of the stuiy 
moon, and planets, the system of the fixed stars, and the 8y»> 
tern of the comets. 

The Solar System. 

The Solar system consists of the sun and twenty-nine other 
bodies, which revolve around him at various distances, and in 
various periods of time. 

The bodies which revolve around the sun as a centre, arc 
called primctry planets. Thus, the Earth, Venus, and Mara, 
are primary planets. Those which revolve around the prima* 
ry planets, are called secondary planets, moonSf or satellites* 
Our moon is a secondary planet or sateUite. 

The primary planets revolve around the sun in the following 
order, and complete their revolutions in the following times, 
computed in our days and years. Beginning with that nearest 
to the sun. Mercury performs his revolution in 87 days and 23 
hours; Venus, in 224 days, 17 hours; the Earth, attended by 
the moon, in 365 days, 6 hours ; Mars, in 1 year, 322 days ; 
Ceres, in 4 years, 7 months, and 10 days ; Pallas, in 4 years, 
7 months, and 10 days ; Juno, in 4 years and 128 days ; Ves 
ta, in 3 years, 66 days, and 4 hours ; Jupiter, in 11 years, 315 
days, and 15 hours ; Saturn, in 29 years, 161 days, and 19 
hours ; Herschel, in 83 years, 342 days, and 4 hours. 

A year consists of the time which it takes a planet to per- 
form one complete revolution through its orbit, or to pass once 
around the sun. Our earth performs this revolution in 365 
days, and therefore this is the period of our year. Mercury 
completes her revolution in 88 days, and therefore her year is 
no longer than 88 of our days. But the planet Herschel is 
situated at such a distance from the sun, that his revolution is 
not completed in less than about 84 of our years. The other 
planets complete their revolutions in various periods o*" time, 
between these ; so that the time of these periods is generally 
in proportion to the distance of each planet from the sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest of all the 
planets, and are called Asteroids, 

How are the heavenly bodies divided 1 Of what does the solar system 
consist 1 What are the bodies called, which revolve around the sun as a cen- 
tre 7 What are those called, which revolve around these primaries as a cen- 
tre ? Ill what order are the several planets situated, in respect to the sun 1 
How long does it take each planet to make its revolution around the suu ? 
What ia a year 1 What planets are called asteroids ? 
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Besides the above enumerated primary planets, our system 
contains eighteen secondary planets, or moon's. Of these, 
our Earth has one moon, Jupiter four, Saturn seven, and Her- 
schel six. None of these moons, except our own, and one or 
two of Saturn's, can be seen without a telescope. The seven 
other planets, so far as has been discovered, are entirely with- 
out moons. 

All the planets move around the sun from west to east and 
-in the same dir.JCtion do the moons revolve around their pri- 
maries, \vith the exception of those of Herschel, which appear 
to revolve in a contrary diiection. 

The paths in which the planets move round the sun, and in 
which tne moons move round their primaries, are called their 
orbits. These orbits are not exactly circular, as they are com- 
monly represented, on paper, but are elliptical, or oval, so that 
all the planets are nearer the sun, when in one part of their 
orbits, than when in another. 

In addition to their annual revolutions, some of the planets 
are known to have diurnal, or daily revolutions, like our earth. 
The periods of these daily revolutions have been ascertained 
in several of the planets by spots on their surfaces. But 
where no such mark is discernible, it cannot be ascertained 
whether the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, and, therefore, there is little doubt but all have a 
daily, as well as a yearly motion. 

The axis of a planet is an imaginary line passing througn 
its centre, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

The orbits of Mercurv and Venus are within that of the 
earth, and consequently they are called inferior planets. The 
orbits of all the other planets are without, or exterior to that 
of the earth, and these are called superior planets. 

That the orbits of Mercury and Venus are within that of 
the earth, is evident from the circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moons does our system contain 1 Which of the planets an 
attended by moons, and how many has each 1 In what direction do the planets 
move around the sun 1 What is the orbit of a planet 1 What revolutions 
have the planets, besides their yearly revolutions 1 Have all the planets diur- 
nal revolutions 1 How is it known that the planets have daily revolutions'? 
Wliat is the axis of a planet? What is the pole of a planet 1 Which «i« 
the toperior, and which the inferior planets 1 
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in the wefet, when the sun is in the east. On the contrary, 
the orbits of all the other planets are proved to be outside of 
the earth's, since these planets are sometimes seen in oppo- 
sition to the sun. 

Rg. 180. This will be understood 

by fig. 180, where suppose 
8 to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and j tha 
of Jupiter. Now it is evi-* 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at e, he may 
sometimes see Jupiter in op- 
position to the sun, as at j, 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
by that of the earth, she never can come in opposition to 
the sun, or in that part of the heavens opposite to him, as 
seen by us, because our earth neVer passes between her and 
the sun. 

It has already been stated, that the orbits of the planets are 
elliptical, and that, consequently, these bodies are sometimes 
nearer the sun than at others. An ellipse, or oval, has two 
foci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 

The orbit of a planet is 
represented by fig. 181, 
where a, dj 5, e, is an el* 
lipse, with its two foci, s 
and o, the sun being in the 
focus s, which is called the 
lower focus. 

When the earth, or any 
other planet, revolving 
around the sun, is in that 
part of its orbit nearest the 

How 18 it proved that the inferior planets are within the earth's orbit, and 
the superior ones without it 1^ Explain fig. 180, and show why the inferior 
planets never can be in oppodUon to the sun. What are the shapes of the 
planPtaiy orHts 1 What is meant by perihelion 1 
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sun, as at a, it is said to be in its perikelum ; and when in tfiat 
part which is at the greatest distance from the sun, as at by it 
IS said to be in its ccphelion* The line «, d, is the mean, or 
averasre distance of a planet's orbit from the sun. 

Ecliptic. — The planes of the orbits of all the planets pass 
througn the centre of the sun. The plane of an orbit is an 
imaginary surface, passing from one extremity or side of the 
orbit, to the other. If the rim of a drum head be considered 
the orbit, its plane would be the parchment extended across 
it, on which the drum is beaten. 

Let us suppose the earth's orbit to be such a plane, cutting 
the sun through his centre, and extending out on every side 
to the starry heavens ; the great circle so made, would mark 
the line of the ecliptic^ or the sun's apparent path through the 
heavens. 

This circle is called the sun's apparent path, because the 
revolution of the earth gives the sun th^appearance of passing 
through it. It is called the ecliptic, because eclipses nappen 
when the moon is in, or near, tnis apparent path. 

Zodiac. — The Zodiac is an imaginary belt, or broad circle, 
extending quite around the heavens. The ecliptic divides the 
todiac into two equal parts, tlie zodiac extending 8 degrees 
on each side of the ecliptic, and therefore is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the signs oj 
the zodiac* 

The sun appears every year to pass around the great circle 
of the ecliptic, and consequently, through the 12 constella- 
tions, or signs of the zodiac. But it M'ill be seen, in another 
place, that the sun, in respect to the earth, stands still, and 
chat his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around its orbit. 

To understand the cause of this deception, let us suppose 

What is the plane of an orbit 1 Explam what is meant bj the ecliptic. 
Why b the ecliptic called the sun's apparent path? What is the zodiac? 
icm does the ecliptic divide the zodiac 1 How &r does the zodiac extend. 
m each side of the ecUpticI 
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Wig, 188. that 9, Rg. 182, is the sun, a ft, a part 

of the circle of the ecliptic, and cd^ 
a part of the earth's orbit. Now, if 
a spectator be placed at r, he will 
^sce the sun in that part of the eclip- 
tic marked by 6, but when the earth 
moves in her annual revolution to (2, 
the spectator will see the sun in that 
part of the heavens marked by a ; 
so that the motion of the earth in one 
direction, will give the sun an appa- 
rent motion in the contrary direc- 
tion. 

A sign, or constellation, is a col- 
lection of fixed stars, and, as we have 
already seen, the sun appears to move 
throui^h the twelve signs of the zo- 
diac every year. Now the sun's place in the heavens, or zo- 
diac, is found by his apparent conjunction, or nearness to any 
particular star in the constellation. Suppose a spectator at c, 
observes the sun to be nearly in a line with the star at b, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to d, the sun's place would as- 
sume another direction, and he would seem to have moved 
into another constellation, and neai the star a. 

Each of the 12 signs of the zodiac is divided into 30 small- 
er parts, called degrees; each degree into 60 equal parts, 
called minutes, and each minute into 60 parts, called seconds. 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
aoiong astronomers, any star, m each constellation, may be 
designated by describing the part of the animal in which it is 

Explain fig. 182, and show why the sun seems to pass through the ecKp- 

tic, when the earth only revolves around the sun. What b a amsteUation, 

ox tigal How is the sun's apparent place in the heavens found 1 Into how 

many parts are the signs of the zodiac divided, and what )u« these pwrli 

•lledl 
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situated. Thus, by knowing how many stan belong to the 
constellation Loo, or the Lion, we readily know what star is 
meant by that which is situated on the Lion's ear or tail. 

The names of the 12 signs of the zodiac are, Aries, Taunis« 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ca- 
pricorn, Aquarius, and Pisces. The common names, or mean- 
ing of tlicse words, in the same onler, are, the Ram, the Bull, 
the Twins, the Crab, the Lion, the Virgin, the Scales, the Scor- 
pion, the Archer, the Goat, the Waterer, and the Fishes. 
Fig. 183. 

000^ — 2^-^^- * 




The 12 signs of the zodiac, together with the sun, and the 
earth reyolvlng around him, are represented at fig. 183. When 
&e earth is at A, the sun will appear to be just entering the 



Is there any resemblance between the places of the stars, and the figures 
of the aniittaJs after which thej are caJlcd 1 Explain wh j this is a con- 
venieiit method of finding anjpaiticalar star in a sttn. What are tic atmes 
ofthel3signs1 ' ^ 
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sign Aries, because then, when seen from the earth, he ranges 
towards certain stars at the beginning of thit constellation. 
When the earth is at C, the sun will appear in the opposite 
^rt of the heavens, and therefore in the beginning of Libra. 
The middle line, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

Density of the Planets, — Astronomers have no means of 
ascertaining whether the planets are composed of the same 
kind of matter as our earth, or whether their surfaces are 
clothed with vegetables ant! forests, or not. They have, 
however, been able to ascertain the densities of several of 
them by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treating 
of the properties of bodies^ that substances attract each other 
in proportion to the quantities of matter they contain. If^ 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each othert*- 
their quantities of matter, or densities, arc easily found. 

Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the £ame dimensions, pass each other, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of the sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
having a specific gravity nearly equal to that of lead. The 
earth nasa density about live times treater than that of the 
sun, and a little less than half that of Mercury. The densi- 

Explain why the sun wiH be in the bejrinning of Aries, wheii the earth is 
at Ay fig. 184. How has the density of the planots been ascertained 1 What 
is meant by densirv 1 In what pro(x)rtion do bodies attract each other 1 How 
are the densities of the planets ascertained] What is the density of the sui^ 
of Mercury, and of the earth 1 
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4iei of the other planets seem to diminiflh in propoHioi* '*" 
their distances from the sun increase, the density of Saturn, 
one of the most remote of planets, bdng onqr about one 
third that of waljr. 

The Sun. 

The sun is the centre of the solar system, and the irreat 
dispenser of heat and light to all the planets. Aronna the 
sun all the planets reyolVe, as around a common centre, he 
being the largest body in our system, and, so lar as we know, 
the mrgest in the uniyerse. 

The distance of the sun from the earth is 95 millions of 
miles, and his diameter is estimated at 880,000 miles. Our 
globe, when compared with the magnitude of the sun, is a 
mere point, for his bulk is about thirteen hundred thousand 
times greater than that of the earth. Were the sun's centre 
placed in the centre of the moon's orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 
from us. A traveller, who should ^o at tne rate of 90 miles 
a day, would perform a journey of nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
years to so round the circumference of the sun. A body of 
such mighty dimensions, hanging on nothing, it is certain, 
must have emanated from an Almighty power. 

The sun appears to move arouna tlie earth every ^ hours, 
rising in the east, and setting in the west. This motion, as 
will be proved in another place, is only apparent, and arises 
from the diurnal revolution of the earth. 

The sun, although he does not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around his own axis, once in 25 days and 10 hours. Both the 
fact that he has such a motion, and the time in which it is per- 
formed, have been ascertained by the spots on his surface. 
If a spot is seen, on a revolving body, in a certain direction, 
it is obvious,^ that when the same spot is again seen, in the 

In what proportions do the densities of the planets appear to diminish "t 
Where is the place of the sun, in the solar system 1 Wiiat is the distance 
of the sun finom the earth 1 Wliat is the diameter of the sun 1 Suppose the 
centre of the sun and that of the moon's orbit to be coincident, now faz 
would the sun extend beyond the moon's orbit 1 How is it proved that th« 
•un has a motion around his own axis 7 How often does the sun revolve 1 
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same direcdon, that the body has made one revolutioii. By 
auch spots the diurnal revohitions of the planets, as veU an 
the snn, have been determined. 

Spots on the sun seem first to have been observed in the 
year 1611, since which time tliey have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or less, to an 
observer on the earth, as they are turned to, or from him ; 
they also change in respect to real magnitude and number : 
one spot, seen by Dr. Herschel, was estimated to be more 
than six times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be se.en with the naked eye ; this was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a different theory. Some have 
supposed them to be solid opaque masses of scoriae, floating in 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his liffht from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently heated. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, which became 
visible in consequence of openings throuffh the fiery matter, 
with which he is surrounded. Dr. Herschel, from n>any ob- 
servations with his great telescope, concludes, that the shining 
matter of the sun consists of a mass of phosphoric clouds, and 
that the spots on his surface are owing to disturbances in the 
equilibrium of this luminous matter, by which openings are 
made through it. There are, however, objections to this the- 
ory, as indeed there are to all the others, and at present it 
can only be said, that no satisfactory explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great source 
of heat and light to all the solar worlds, may yet be capable of 
supporting animal life, has been the favourite doctrine of seve- 

When were spots of the sun first observed ] What has been the differ • 
ence in the number of spots observed 7 What was the size of the spot seen 
by Dr. Hersdiell Wnat has been advanced concerning the oatuze of 
these spots 1 H9ve they been accounted for satisfactorily 1 
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ml able cstronomera. Dr. Wilson first nirgfested that tkiii 
miffht be the case, and Dr, Herschel, with his telescope, 
made observations which confirmed him in this opinion. The 
latter astronomer supposed that the functions of the sun, as 
the dispenser of lijrht and heat, might be performed by a lumi^ 
nous, or phosphonc atmosphere, surrounding him at manj 
hundred miles distance, while his solid nucleus might be fit- 
ted for the habitations of millions of reasonable beings. This 
doctrine is, however, rejected by most writers on the subject 
at the present d&y. 

Mercury. 

Mercury^ the planet nearest the sun, is about 9000 miles in 
diameter, and revolves around him, at the distance of 37 
millions of miles. The period of his annual revolution is 87 
days, and he turns on his axis once in about 24 hours. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned towards the earth, has pre- 
vented astronomers from making many observations on him. 

No siffr^ of an atmosphere have been observed in this 
planet The sun's heat at Mercury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, camiot exist at Mercury, 
except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
often seen. He may, however, sometimes be observed jus! 
before the rising, and a little after the setting of the sun. When 
seen after sunset, he appears a brilliant, twinkling star, show 
ing a white light, which, however, is much obscured by the 
glare of twilight When seen in the morning, before the ri- 
sing of the sun, his light is also obscured by the sun's rays. 

Mercury sometimes crosses the disc of the sun, or comet" 
between the earth and that luminary, so as to aj)pear like a 
small dark spot passing over the sun's face. This is called 
the transit o^ Mercury. 

Venus is the other planet, whose orbit is within that of the 

What is said concerning the sun's bein^ a habitable globe 1 What is tha 
diameter of Mercury, and what are his periods of'annuaT and diurnal revolu- 
tion 1 How ^eat is the sun's heat at Merciuy % At what times is Meicorf 
to be seeni What is a transit of Mercury 1 
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earth. Her diameter is about 8800 milesy being somewhat 
larger than the earth. 

Her revolution around the sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorter 
than ours. 

Venus, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When seen through a telescope, she 
exhibits the phases, or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. Venus may 
jften be seon in the day time, even when she is in the vicini- 
ty of the blazing light of the sun. A luminous appearance 
iround this planet, seen at certain times, proves that she has 
m atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
sun's disc, in the same manner as Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
from each other. The last transit was in 1769, and the next 
will not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
since it is by observations on them that the true distances of 
the earth and planets from the sun are determined. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the sun, she rises before him, 
and is then called the morning star ; and when she appears 
east of the sun, she is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the earth and Venus move 
round the sun in the same direction, and hence her relative mo- 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If the earth had no yearly motion, Venus 
would be the morning star one half of the year, and the even- 
ing star the other hut. 

Where is the orhit of Venus, in respect to that of the earth 1 What is 
the time of Venus' revolution round the sun 1 How often does she turn 
on her axis 1 What is said of the height of the mountains in Venus 1 On 
what account are the transits of Venus observed with great care 1 When is 
Venus the moming, uid when the evening star 1 How bng is Venus tha 
morning, sm) how long the evening star 1 
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The EarOL 

The next planet in our syfltem, nearest the sun, is the Earth. 
Her diameter is 7912 miles. This planet revolves around 
him in 365 days, 5 hours, and 48 minutes ; and at the dis- 
tance of 95 millions of miles. It turns round its own axis 
once in 24 hours, making a day and a night. The Earth^s revo- 
lution round the sun is called its 4innual, or yearly motion, 
because it is performed in a year ; while the revolution around 
its own axis, is called the diumaU or daily motion, because it 
takes place every day. The figure of the earth, with the phe- 
nomena connected with her motion, will be explained in ano- 
ther place. 

The Moon. 

The Moon, next to the sun, is, to us, the most brilliant and 
interesting of all the celestial bodies. Being the nearest to 
us of any of the heavenly orbs, and apparently designed for 
our use, she has been observed with great attention, and many 
of the phenomena which she presents, are therefore bettei 
understood and explained, than those of the other planets. 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which makes % revolution round the 
earth once in 27 days 7 hours and 43 minutes. The distance 
of the Moon from the earth is 240,000 miles, and her diameter 
about 2000 miles. 

Her surface, when seen through a telescope, appears diver- . 
eified with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect : but the explana- 
tion of these phenomena are reserved for another section. 

Mars. 

The next planet in the solar system, is Mars, his orbit sur 
rounding that of the earth. The diameter of this planet is up- 
wards of 4000 miles, being about half that of the earth. The 
revolution of Mars around the sun is performed in nearly 687 
days, or in somewhat less than two of our years, and he turns 
on his axis once in 24 hours and 40 minutes. His mean 

How loni^ does it take the earth to revolve round the sun 7 What is meant 
by the earth's annual revolution, and what by her diurnal revolution 1 Why 
are the phenomena of the moon better explained than those of the othet 
planets 1 In what time is a revolution of the nKX>n about the earth perfom^ 
«d 1 What is the distance of the moon flt>m the earth ? What is the diame- 
lor of Man? How much longer is 4 yeamt Man than our year 1 
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distance from the sun i» 144 millions of miles, so that he mores 
in his orbit at the rate of about 55,000 miles in an hour. The 
days and nights, at this planet, and the different seasons 6[ 
the year, bear a considerable resemblance to those of the 
earth. The density of Mars is less than that of the earth* 
being only three times that of water. 

Mars reflects a dull red light, by which he may be distin- 
guished from the other planets. His appearance through the 
telescope, is remarkable for the great number and variety of 
spots which his surface presents. 

Mars has an atmosphere of great density and extent, as is 

§ roved by the dim appearance of the fixed stars, when seen 
irough it When any of the stars are seen nearly in a line 
with this planet, they give a faint, obscure light, and the 
nearer they approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight 

This planet sometimes appears much larger to us than at 
others, and this is readily accounted for by his greater or less 
distance. At his nearest approach to the earth, his distance 
is only 50 millions of miles, while his greatest distance is 240 
millions of miles ; making a difference in his distance of 100 
millions of miles, or the diameter of the earth's orbit 

The sun's heat at this planet is less than half that which 
we enjoy. 

To the inhabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus does to us. 

Yesta^ Junoj Pallas^ and Ceres. 

These planets were unknown until recently, and are there- 
fore sometimes called the new planets. It has been mention- 
ed, that they are also called Asteroids. 

The orbit of Vesta is next in the solar system to that of 
Ma?Sw This planet was discovered by Dr. Olbers, of Bremen, 
in 1807. The light of Vesta is of a pure wlute, and in a ckar 
night she may be seen with the naked eye, appearing about 
the size of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed in 3 years and 66 days, at 
the distance of 223 millions of miles from him. 

What is his rate of motion in his orbit 1 What is his appearance through 
the telescOTe? How b it proved that Mars has an atmosphere of great 
density 1 Why does Mara sometimes a pp ear to us kurger than aiotheni 
How great is the sun's heat at Mara 1 Which are the new planets, or «Bte> 
mids 1 When was Vesta discoveied 1 What is the period of Vesta's amnal 
revolution 1 
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Juno was discoTered by Mr. Harding, of Bremen, in 1804 
Her mean distance from the sun is ^3 millions of miles 
Her orbit is more elliptical than that of any other planet, and 
in conseauence, she is sometimes 127 millions of miles nearei 
the sun tnan at others. This planet completes its annual re- 
volution in 4 years and about 4 months, and revolves round 
its axis in 27 nours. Its diameter is 1400 miles. 

Pallas was also discovered by Dr. Olbers, in 1802. Its 
distance from the sun is 226 millions of miles, and its periodie 
revolution round him, is performed in 4 years and 7 months. 

Ceres was discovered in 1801, by Piazzi, of Palermo. This 
planet performs her revolution in. the same time as Pallas, 
oeing 4 years and 7 months. Her distance from the sun 260 
millions of miles. According to Dr. Herschel, this planet is 
only about 160 miles in diameter. 
Jupiter. 

Jupiter is 89,000 miles in diameter, and performs his annu- 
al revolution once in about 11 years, at the distance of 490 
millions of miles from the sun. This is tlie largest planet in 
the solar system, being about 1400 times larger than tne earth. 
His diurnal revolution is performed in nine hours and fifty- 
five minutes, giving his surface at tiie equator, a motion of 
28,000 miles per hour. This motion is about twenty times 
more rapid than that of our earth at the equator. 

Jupiter, next to Venus, is the most brilliant of the planets, 
though the light and heat of the sun on him is nearly 25 
times less than on the earth. 

This planet is distinguished from all the others, by an ap- 
pearance resembling bands, which extend across nis disc. 
Fig. 184. 




When was Juno (tisoovered 1 What is her distance from the son 1 WhU 
is the period of her xevolution, and what her diameter 1 
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These are termed belts, and are variable, both in respect to 
number and appearance. Sometimes seven or eight are 
seen, several of which extend quite across hU face, while 
others appear broken, or interrupted. 

These bands, or belts, when the planet is observed through 
a telescope, appear as represented in tig. 184. This ajopear- 
ance is much the most common, the belts running^quite across 
the face of the planet in parallel lines. Sometimes, hov/ever, 
his aspect is quite different from this, for in 1780, Dr. Her 
schel saw the whole disc of Jupiter co"ered with small curve(] 
lines, each of which appeared broken, or interruptetl, the 
whole having a parallel direction across his disc, as in fig. 1S5 
tig. 185. 



Different opinions have been advanced by astronomers ro- 
f pecting the cause of these appearances. By some, they have 
been regarded as clouds, or as openings in the atmosphere of 
the planet, while others imagine that they are the marks of 
great natural changes, or revolutions, which are perpetually 
agitatinff the surface of that planet It is, however, most pro- 
bable, that these appearances are produced by the agency of 
some cause, of which we, on this little earth, must always be 
entirely ignorant. 

Jupiter has four satellites, or moons, two of which are 
sometimes seen with the naked eye. They move round, and 

What 18 said of PaHas and Ceres ? What is the diameter of Jupiter I 
What is his distance from the sun 1 What is the period of Jupiter's diunial 
revolution 1 What is the sun's heat and light at Jupiter, when compared 
with that of the earth t For what is Jupiter particulariv distinguished ? h 
the appearance of Jupiter's belts always tne same, or do they change 1 Whut 
» said of the cause of Jupiter's belted appearance 1 How'many moons har 
Tu|nter, and what are the periods of their revolutions 1 

19 
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attend him in his yearly revolution, as the moon does ofn 
earth. They complete their revolutions at different periods, 
the shortest of which is less than two days, and the longesi 
seventeen days. 

These satellites oflen fall into the shadow of their primary, 
in consequence of which they are eclipsed, as seen from the 
earth. The eclipses of Jupiter's moons have been observed 
with great care by astronomers, because they have been the 
means of determming the exact longitude of places, and the 
velocity with which light moves through space. How longi- 
tude is determined by these eclipses, cannot be explained or 
understood at this place, but the method by wnich they 
become the means of ascertaining the velocity of light, may 
be readily comprehended. An eclipse of one of these satel- 
lites, appears, oy calculation, to take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Jupiter, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is found 
to be sixteen minutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come from him to us. Light, 
therefore, passes at the velocity of 93 millions of miles, our 
distance from the sun, in about 8 minutes, which is rearly 200 
thousand miles in a second. 

Saturn. 

The planet Saturn revolves round the sun in a period of 
about 30 of our years, and at the distance from him, of 900 
millions of miles. His diameter is 79,000 miles, making his 
oulk nearly nine hundred times greater than that of the earth, 
but notwithstanding this vast size, he revolves on his axis 
once in about ten hours. ^ Saturn therefore performs upwards 
of 25,000 diurnal revolutions in one of his years, and hence 
his year consists of more than 25,000 days ; a period of time 
equal to more than 10,000 of. our days. On account of the 
remote distance of Saturn from the sun, he receives only 
about a 90th part of the heat and light which we enjoy on the 
earth. But to compensate, in some degree, for this vast dis- 
tance from the sun, Saturn has seven moons, which revolve 

What oocaaions the eclipses of Jupiter's moons 1 Of what use are these 
eclipses to astronomers 7 How is tne velocity of U^ht ascertained by the 
eclipses of Jupiter's satellites 1 What is the time of Saturn's periodic revolu- 
tion roiuid the avail What is his distance from the sun 1 What his diame- 
ter % What » the period of his diurnal revolution 1 How many days make 
a year nf Sahuv ? 
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round him at different distanced, and at various periods, from 
1 to 90 days. 

Saturn is distinguished from the other planets by his ring, 
as Jupiter is by his belt. When this planet is viewed through 
a telescope, he appears surrounded by an immense luminous 
circle, which is Tepresented by fig. 186. 

Fig. 186. There are in- 

I deed two luminous 
I circles, or rinffF, 
I one within the 
I other, with a dark 
I space between 
I them, so that they 
do not appear to 
I touch each other. 
I Neither does the 
inner ring touch the body of the planet, there being, by estima- 
tion, aboui the distance of 30,000 miles between them. The 
external circiunference of the outer ring is 640,000 miles, and 
its breadth from the outer to the inner circumference, 7,200 
miles, or nearly the diameter of our earth. The dark space, 
between the two rin^s, or the interval between the inner, and 
outer ring, is 2800 miles. 

This immense appendage revolves round the sun with the 
planet, — performs dailv revolutions with it, and according to 
Dr. Herschel, is a solid substance, equal in density to the body 
of the planet itself. 

The design of Saturn's ring, an appendage so vast, and so 
different from any thing presented by the other planets, has 
always been a matter of speculation and inquiry among astron- 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, and 
possibly it may reflect the heat also, so as in some degree to 
soften the rigour of so inhospitable a climate. 

As 4his planet revolves around the sun, one of its sides is 
Huminated during one half of the year, and the other side 
during the other half; so that, as Saturn's year is equal to 
thirty of our years, one of his sides will be enlightened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are alternately in the light and dark every year. 

How many moons has Satmn 1 How b Saturn particularly distinffuiahed 
firom an the other planets 1 What distanoe is there between the body of 
Saturn and his inner ring 1 What distance is there between his inner and 
outer ring 1 What is Uie ciicumfereiioe of the outer ring % 
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Fig, 187 represents Sat 
[urn US seen by an eye pla 
Iced at right angles to the 
I plane of his ring. When 
I seen from the earth, his 
I posit ion is always oblique, 
las rp presented by fig. 186. 
The inner white circle, 
I represents the body of the 
Ipknet, enliffhtened by the 
I Sim- The dark circle next 
ho ihis^ [i3 the unenlightened 
l&pace between the body of 
nlie pbnet and the inner 
IriniTT loping the dark ex- 
IP ana c? of the heavens be- 
yond the planet. The two white circles are the rings of the 
planet, with the dark space between them, which also is the 
dark expanse of the heavlens. 

HerscheL 

In consequence of some inequalities in the motions of Ju 
piter and Saturn, in their orbits, several astronomers had sus- 
pected that there existed another planet beyond the orbit of 
Saturn, by whose attractive influence these irregularities were 
produced. This conjecture was confirmed by Dr. Herschel, 
m 1781, who in that year discovered the planet, which is now 
generally known by the name of its discoverer, though called 
by him Georgium sidus. The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1800 millions of miles 
from the sun. To the naked eye this planet appears like a 
star of the sixth magnitude, being, with the exception ol some 
of the comets, the most remote body, so far as is known, in 
the solar system. 

Herschel completes his revolution round the sun in nearly 
84 of our years, moving in his orbit at the rate of 15,000 miles 
in an hour. His diameter is 35,000 miles, so that his bulk is 
about eighty times that of the earth. The light and heat of 

How long is one of Saturn's sides alterhately in the li^ht and dark 1 In 
what position is Saturn represented by fig. 187'? What circumstanoe led to 
the discovery of Herschel ? In what year, and by whom, was Herschel disco- 
vered 1 What is the distance of Herschel from the sun 1 In what period is 
his revolution round the sun performed 1 What is the diameter of Herschel 1 
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He son at Herschel is about 360 times less than' it is at the 
earth, and yet it has been found by calculation, that this light 
is equal to 248 of our full moons, a striking proof of the m- 
conceiyable quantity of light emitted by the sun. 

This planet has six satellites, which revolve round him at 
Tarious distances, and in different times. The periods of 
some of these have been ascertained, while those of the others 
remain unknown. 

Fig. 188. 



Mtntha^ 



AConuti 



Having now given a short account of each planet composing 
the solar system, the relative situation of their several orbits, with 
the exception of those of the Asteroids, are shown by fig. 189. 

In the figure> the orbits are marked by the signs of each 

What U the quantity of light and heat at Hencbel, when compaied 
with that of the earth? 

19* 
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pknet, of which the first, or that nearest the shb, is Mercurjr, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids,, then Jupiter, then Saturn, and 
lasUy Herschel. 

The comparatiye dimensions of the planets are delineated 
at fig. 189. 

Fig. 189. 




Mnimr^o^ 



Motions of the Planets. 

It is said that when Sir Isaac Newton was near demonstra- 
ting the great truth, that gravity is the cause which keeps 
the heavenly bodies in their orbits, he became so agitated with 
the thoughts of the magnitude and consequences of his disco- 
very, as to be unable to proceed with his demonstrations, and 
desired a friend to fifhisn what the intensity of his feelings 
wov^d not allow him to complete. 

We have seen, in a former part of this work, that all undis- 
turbed motion is straight forward, and that a body projected 
into open space, would continue, perpetually, to move in a 
right line, unless retarded or drawn out of this course by 
some external cause. 

To account for the motions of the planete in their orbits, 
we will suppose that the earth, at the time of its creation, was 
tlirown by the hand of the Creator into open s| ^e, the sun 
having been before created and fixed in his present place. 

Under Compound Motion^ it has been shown, that when a 
body is acted on by two forces perpendicular to each other, 
its motion will be in a diagonal line between the direction of 
the two forces. 
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Fig. 190. But we will afain here suj^ 

pose that a ball be movinff m 
the line m Xf fiff. 190, witn a 
ffiven force, and that another 
n>ree half as great should strike 
it in the direction of ti, the 
ball would then describe the 
diagonal of a parallelogram, 
whose lenffth would be just equal to twice its breadth, and 
the line ot the ball would be straight, because it would obey 
the impulse and direction of these two forces only. 

Fig.l91._ Now let a, fig. 191, re- 

present the earth, and S 
the sun ; and suppose the 
earth to be moving for- 
ward, in the line from a to 
bf and to have arrived at 
a, with a velocity sufficient, 
in a ffiven time, and with- 
out disturbance, to have 
carried it to b. But at the 
point a, the &un S acts upon 
the earth with his attractive 
power^ and with a force 
which would draw it to c, 
m the same space of time that it would otherwise have gone 
to b. Then the earth, instead of passing to b, in a ^straight 
line, would be drawn down to (^ the diagonal of the paralle- 
logram a, &, d, c. The line of direction, in fig. 190, is straight,' 
because the body moved obeys only the direction of the two 
forces, but it is curved from a to (2, ng. 191, in consequence of 
the continued force of the sun's attraction, which produces a 
constant deviation from a right line. 

When the earth arrives at rf, still retaining its projectile or 
centrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of the sun is again sufficient to bring it to e, 




Suppose a body to be acted on by two finces perpendicular to each other, 
b wi^ direction win it nicyve? Why does the ball, fig. 190, ntove in a 
itraisht fine 1 Why does the earth, fig. 191, m^-t ve in a curved line 1 Explain 
fig. 191, and sUow how the two mces aa to produce a circular line of 
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in a bindghi line, so that, in obedience to the two impulses, it 
again describes ihe curve to o. 

It must be remembered, in order to account for the circular 4 
motions of the planets, that the attractive force of the sun is 
not exerted at once, or hj a single impulse, as is the case with 
^ cross forces, producing a straight line, but that this force 
is imparted by dee^rees, and is constant. It therefore acts 
equally on the earth, in all parts of the course from a to (2, and 
from d to o. From 0, the earth having the same impulses as 
before, it moves in the same curved or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the earth to move forward in a straight 
line, is called the centrifugal force, and the attraction of me 
sun, by which it is drawn downwards, or towards a centre, is 
called its centripetal force, and it is by these two forces that 
the planets are made to perform their constant revolutions 
around the sun. 

In the above explanation, it has been supposed that the 
sun's attraction, which constitutes the earth's gravity, was at 
all times equal, or that the earth was at an equal distance from 
the sun, in all parts of its orbit. But^ as heretofore explained, 
the orbits of all the planets are elliptical, the sun being placed 

in the lower focus of the 
eclipse. The sun's attrac- 
tion is, therefore, stronger 
in some parts of their or- 
bits than in others, and for 
this reason their velocities 
are greater at some periods 
of tneir revolutions than ai 
others. 

To make this under- 
stood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal- 
ance each other, that the 
earth moves round the cir- 
cular orbit a e b, fig. 192, 




What is the projectile force of the earth called ? What is the attractive 
force of the Bun, which draws the earth towards him, called ? Explain fig. 
199, and i^ow the reason why the velocity is increased ftom otod, and why 
it is not retarded from dtog. 
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•ntil it comes to the point e ; and at this point, let tu su])pose, that 
the gravitating force is too strong for tne force of projection, so 
that the earth, mstead of continuing its former direction towards 
6, is attracted hy the sun ^, in the curve e c. When at c, the line 
of the earth's projectile force, instead of tending to carry it farther 
from*the sun, as would be the case, were it revolving in a circular 
orbit, now tends to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
square of the distance oetween the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At Uiis part of its 
orbit, the earth will have gained, by its increased velocity, so 
much centrifugal force, as to give it a tendency to overcome 
the <iun's attraction, and to fly off in the line d o. But the 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwitnstanding 
its increased centrifugal force, and it tlM^refore passes through 
the opposite part of its orbit, from d to g^ at the same distance 
from nim that it approached. As the earth passes from the 
sun, the force of gravity tends continually to retard its motion, 
as it did to increase it while approaching him. But the velocity 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to g^ that it had from c to d. From g, the 
earth's motion is uniformly retarded, until it again arrives at c, 
the point from which it commenced, and from whence it de- 
scribes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, m its journey round the sun, moves at 
very unequal velocities, sometimes being retarded, and then 
again accelerated by the sun's attraction. 

It is an interesting circumstance, respecting the motions ot 
tlie planets, that if me contents of their orbits be divided into 
■inequal triangles, the acute angles of which centre at the sun, 
with the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in equal times. 

This will be understood by ^g, 193, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun ^, in one ot 
the foci. 

Now the siMices 1, 2, 3, ^c. though of different shapes, are 
of the same aimensiona, or contain the same quantity of sur 



What is meant by a planet's paniiig through equal spaces in equal tunet 1 
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&ce. The earth, we hare 
abeady seen, in its journey 
round the sun, describes an 
ellipse, and mores more ra- 
pidly in one Jpart of its orbit 
than in another. But what- 
ever may be its actual velo- 
city, its comparative motion 
is dirough equal areas in 
equal times. Thus its cen 
tre passes from E to C, and 
from C to A, in the same pe- 
riod of time, and so of all 
the other divisions marked 
in the figure. If the figure, 
therefore, be considered the 
plane of the earth's orbit, 
divided in 12 equal areas, 
answerinff to the 13 months of the year, the earth will , pass 
through the same areas in every month, but the spaces through 
which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other half. . 

The reason why the planets, when thev approach near the 
sun, do not fall to him, m consequence of his increased attrac- 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, may be thus ex- 
plained. 

Taking the earth as an example, we have shown, thai when 
in the part of her orbit nearest the sun, her velocity is greatly 
mcreascd by his attraction, and that consequently the earth's 
centrifugal force is increased in proportion. As an illustra- 
tion of this, we know that a thread which will sustain an 
ounce ball when whirled lound in the air, at the rate of 50 
revolutions in a minute, would be broken, were these revolu- 
tions increased to the number of 60 or 70 in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How IB it shown, that if the motion of a revolving body is increased, its 
projectile force is also increased 1 By what force isthe earth's velocity in- 
creased, as it approaches the sun 1 When the earth is nearest the sun, why 
does it not fall to him 1 When the earth's oentriAagal force is greatest, what 
prevents its flying to the sun ? 
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trifugal force is also increased. Now, the velocity of the 
earth increases in an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of veloci- 
ty is its centrifugal force increased ; so that, in any other pari 
of its orhit, except when nearest the sun, this increase oi 
velocity would carry the earth away from its centre of attrao- 
tion. But this increase of the earUi's velocity is caused by 
its near approach to the sun, and consequently the sun's at- 
traction is mcreased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in proportion, and thus whOe the centrifu- 
gal force prevents the earth from falling to, the sun, the cen- 
tripetal force prevents it from moving off in a straight line. 
When the earth is in that part of its orbit most distant from 
the sun, its projectile velocity being retarded by the counter 
force of the sun's attraction, becomes greatly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion, as before, and in this manner its motion goes on without 
ceasing. It is supposed, as the planets move through spaces 
roid of resistance, that their centrifugal forces remain the 
same as when they first emanated from the hand of the Crea- 
tor, and that this force, without the influence of the sun's at- 
traction, would carry them forward into iqfinite space. 

Tke Earth. 

It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from east to 
west, is caused by the real motion nf the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on whiph this belief is founded. For this rea- 
son, we ^vill here state the most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars around the earth, if sKe 
stands stilL Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens* 
present, can be best accounted for, bv supposing the earth to 
revolve. Third, the analogy to be arawn from many of the 
other planets, which are known to revolve on their axes ; and 
fourth, die different lengths of days and nights at the different 

What are the most obvious and oonvincmg proofii that the earth levoUai 
onitsaxkl 
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Slanets, for did the gtm rerolire about the solar system, the 
ays and nights at many of the planets must be of similar 
leneths* 

The distance of the sun from the earth being 95 millions 
of miles, the diameter of the earth's orbit is twice its distance 
from the sun, and, therefore, 190 millions of miles. Now, the 
diameter of the earth's orbit, when seen from the nearest fixed 
star, is a mere point, and were the orbit a solid mass ol 
opaque matter, it could not be seen, with such eyes as ours, 
from such a distance. This is known by the fact, that these 
stars appear no larger to us, even when our sight is assisted 
by the best telescopes, when die earth is in that part of her 
orbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit The approach, therefore, oi 
190 millions of miles towards the fixed stars, is so small a 
part of their whole distance from us, that it makes no per- 
ceptible difiference in their appearance. Now, if the eartli 
does not turn on her axis once in 24 hours, these fixed stars 
must revolve around the earth at this amazing distance once 
in 24 hours. If the sun passes around the earth in 24 hours, 
he must travel at the rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as far beyond 
the sun, as the sun is from us, and, therefore, if they revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at the rate of 160,000,000,000, or 160 bil- 
lions of miles in a minute ; a velocity of. which we can have 
no more conception than of infinity or eternity. 

Tn respect to the analog;^ to be drawn from tne known revo- 
lutions of the other planets, and the dififerent lengths of days 
and nights amon^ them, it is sufficient to state, that to the in- 
habitants of Jupiter, the heavens appear \o mnke a revolution 
in about 10 hours, while to those of Venus, they appear to 
revolve once in 23 hours, and to the inhabitants of the other 
planets a similar difference seems to take place, depend- 
mg on the periods of their diurnal revolutions. Now, 
there is no more reason to suppose that the heavens revolve 

Were the earth's orbit a solid humb, oookl it be teen by us, at the distance 
of the fixed stars t Suppose the earth stood still, how fast must the sun 
move to go round it in ^ hours 1 At what rate ipost the fixed stare moi« 
tn tfo roimd the earth in 94 hours? If the heaveiMi appear to rcTolve every 
lOnoors at Jupiter, and every 34 houn at the earth, how can this difierenoB 
be aeoounted fef, if they levoive at all? Is there any more reason to believe 
that the son revolvei round the earth, than round any of the othrr planets f 
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round ns, than there is to suppose that they revolve around 
any of the other planets, since the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many of them, turn on their axes, and as all tne phe- 
nomena presented by the earth, can he accounted for by such 
a revolution, it is folly to conclude otherwise. 

Circles and Divisions of the Earth* 

It will be necessary for the pupil to retain in hi^ memory 
the names and directions of the following lines, or circles, by 
#hich the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there beingno such 
divisions marked by nature on the earth's surface. They are, 
however, so necessary, that no accurate description of the 
earth, or of its position with respect to the heavenly bodies, 
can be conveyed without them. 

Fig. 194. Ti^e earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro* its centre, 
and about which it 
turns, is called its axis^ 
I and the two extremities 
of the axis are the poles 
of the earth, A being 
the north pole, and B 
the south pole. Tlie 
line C D, crossing the 
axis, passes quite round 
the earth, and diiddes 
it into two equal parts. 
This is called the equinoctial line, or the equator. That part 
of the earth, situated north of this line, is called the northern 
hemisphere^ and that part south of it, the southern hemisphere. 
The small circles E F, and G H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
north pole is called the arctic circle, and that surrounding the 

How can all the phenomena of the heavens be accounted for, if ih^ do 
not revolve 1 What is the axis of the earth 1 What are Uie poles of the 
earth 7 What is the equator 1 Where are the northern and soutnem hemis- 
phcrel What are the polar circles 1 
20 
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south, the antartic circle. Between tfaeae circles, there is, 
on each side of the equator another circle, which marks the 
extent of the tropics towards the north and south, from the 
equator. That to the north of the equator, I K, is called die 
tropic of Cancer^ and that to the south, L M, the tropic of 
Capricorn. The circle L K, extending obliquely across ihe 
two tropics, and crossing the axis of the earth, and the equa- 
tor at tneir point of intersection, is called the eclivtic. This 
circle, as already explained, belongs rather to tne heavens 
than the earth, being an imaginary extension of the plane of 
the earth's orbit in every direction towards the stars. The 
line in the fi^re, shows the comparative position or direction 
of the ecliptic in respect to the equator, and .the axis of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called meHdian lines, or midnday 
lines, for when the sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the sun shines on the whole length of 
each, at the same time, so that it is 12 o'clock, at the same 
time, on every place situated on the same meridian. 

The spaces on the earth, between the lines extending from 
east to west, are called zones. That which lies between the 
tropics, from M to K, and from I to L, is called the torrid zone, 
because it comprehends the hottest portion of the earth. The 
spaces which extend from the tropics, north and south, to the 
polar circles, are called temperate zones, because the climates 
are temperate, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, like the frigid zones. That 
Jying north of the tropic of Cancer, is called the north tempe- 
rate zone, and that south of the tropic of Capricorn, the south 
temperate zone. The spaces included within the polar circles, 
are called the frigid zones. The lines which divide the globe 
into two equal parts, are called the ereat circles; these are the 
ecliptic and the equator. Those dividing the earth into small- 
er parts are called the lesser circles ; these are the lines divi- 
ding the tropics from the temperate zones, and the temperate 
zones from the frigid zones, dso. 

*" Which is the arctic, and which the antarctic circle 7 Where is the tropic 
of Cancer, and where the tropic of Capricorn % What is the ecliptic 1 
What are the meridian lines 1 On what part of the earth is the torrid zone T 
How are the north and south temperate zones hounded ? Where are the frigid 
sones ? Which aie the great, and which the leaser ciides of the eaith % 
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The ecliptic, we have already seen, is divided into 360 
equal parts, called degrees. All circles, however" large or 
small, are divided into degrees, minutes, and seconds, in the 
same manner as the ecliptic. 

The horizon is distinguished into the sehsihle ajid rational. 
The sensible horizon is that portion of the surface of the 
earth which bounds our vision, or the circle around us, where 
the sky seems to meet the earth. When the sun rises, he 
appears above the sensible horizon, and when he sets, he sinks 
below it. The rational horizon is an imaginary line passing 
through the centre of the earth, and dividing it into two equsS 
parts. 

The axis of the ecliptic is an imaginary line passing through 
its centre and perpendicular to its plane. The extremities of 
this perpendicular line, are called the poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con- 
sidered on the horizon, or parallel with it, and the line of the 
earth's axis be inclined to the axis of this plane, or the axis of 
the ecliptic, at an angle of 23* degrees, it will represent the 
relative positions of the orbit, and the axis of the earth. 
These positions are, however, merely relative, for if the posi- 
tion of the earth's axis be represented perpendicular to the 
equator, as A B, fig. 194, then the ecliptic will cross this plane 
obliquely, as in that figure. But when the earth's orbit is 
considered as having no inclination, its axis, of course, will 
have an inclination, to the axis of the ecliptic, of 23i degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator inclin- 
ed to it, instead of considering the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit 
never varies, but always makes an an^le with it of 23i de- 
grees, as It moves round the sun. The axis of the earth is 
flierefore always parallel with itself. That is, if a line be 
drawn through the centre of the earth, in the direction of its 
axis, and extended north and south, beyond the earth s diame- 

How aie circles divided 1 How is the sensible horizon distinguished from 
the rational ? What is the axis of the ecliptic 7 What are the poles of the 
ecliptic 1 How many degrees is the axis of the earth inclined to that of the 
ecliptic 1 What is said concerning the relative positions of tibie earth's axis 
ana the plane of the ecliptic 1 Are the orbits of the other planets parallel to 
the earth's orb^, or inclined to it 1 What is meant by the earth's axis being 
parallel to itself? 
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ter, the line so produced will always be parallel to the same 
line, or any number of linesy'so dntwn, when the earth is in 
dijflferent parts of its orbit 

Suppose a rod to be fixed into the flat sur&ce of a table, and 
so inclined as to make an angle with a perpendicular from the 
table of 23i degrees. Let this rod represent the axis of the 
earth, and the surface of the table, the ecliptic. Now place on 
the table a lamp, and round the lamp hold a wire circle three or 
four feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as tne flame of the lamp, 
flavinff prepared a small terrestrial globe, by passing a wire 
throum it for an axis, and letting it project a few inches each 
way, for the poles, take hold of the north pole, and carry it 
round the circle, with the poles constantly parallel to the rod 
rising above the table. . The rod being mclined 23i degrees 
from a perpendicular, the poles and axis will be inclined in 
the same degree, and thus the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
lines drawn in the direction of the earth's axis will be parallel 
to each other in any part of its orbit. 
Fig. 195. 




This will be understood by fig. 195, where it will be seen. 

How does it appear by fig. 195, that the axis of the earth is parallel to 
itsdf, in all parts of its orbit? How are thiB annual and diturnid revolutions 
of the earth illustrated by fig. 1951 
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ehftt the poles of the earth, in the several positions of A, B, C, 
and D, heing equally inclined, are parallel to each other. 
Supposing the lamp to represent the sun, dnd the wire circle 
the earth s orbit, the actual position of the earth, during its 
annual revolution around the sun, will be comprehended : and 
if the fflobebe turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the earth will also be 
represented. 

Day and Night 

Were the direction of the earth's axis perpendicular to the 
plane of its orbit, the days and nights would be of equal length 
all the year, for then just one hdf of the earth, from pole to 

Eole, would be enlightened, and at the same time the other 
alf would be in darikness. 

Fig. 196. 





Suppose the line $ o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n s, is the axis of 
the earth perpendicular to it, then it is obvious, that exactly 
the same points on the earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
the meridian line between n and s,- which line crosses the 
equator at o, would see the sun at the same time, and conse- 
quently, as the earth revolves, would pass into the dark hemi- 
sphere at the same time. Hence in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's axis, as above de- 
scribed, which causes the lengths of the days and nights to 
differ at the same place at different seasons of the year, for on 
reviewing the position of the globe at A, fig. 195, it will be 
observed, that the line formed by the enlightened and dark 

Explain, by fig. 196, why the da^s and nights would every where be equal, 
were the axis of the earth perpendicular to Uie plane of his orbit. What is 
the cause of the unequal lengths of the days and nights in difierent parts of 
the world 1 
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heoBf^ereiy does not eoindde with the line of ihe axis and 
poles, as in fig. 196, but that the line fonned bj the darkneas 
and the light, extends obliquely across the line of the earth's 
axis, so that the north pole is in the lisht, while the south is in 
the dark. In the position A, therefore, an observer at die 
north pole would see the sun constantly, while another at the 
south pole, would not see it at aU. Hence those hving in the 
north temperate zone, at the season of the year-when the 
earth is at A, or in the summer, would have long days and 
short nights, in proportion as they approached the polar circle; 
while those who live in the soutn temperate zone, at the same 
time, and when it would be winter there, would have long 
nights and short days in the same proportion. 
SeasoTis of the year. 
The vicissitudes of the seasons are caused by the annual 
revolution of the earth around the sun, together with the in- 
clination of its axis to the plane of its orbit. 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed on a level 
with the earth's horizon, and hence, that this plane is con- 
sidered the standard, bv which the inclination of the lines 
crossing the earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

The equinoctial line, or the great circle passing round the 
middle of the earth, is inclined to the ecliptic, as well as the 
line of the earth's jixis, and hence in passing round the sun, 
'^' ""* the equinoctial line 

intersects, or cros- 
ses the ecliptic, in 
two places, opposite 
to each other. 

Suppose a &, fig. 
197, to be the eclip- 
tic, e/, the equator, 
and c d^ the earth's 
axis. The ecliptic 
and equator are 
supposed to be seen 
edgewise, so as to 
appear like lines 

What an the oaiiiet which ]m)diio» the seiuoiu of the year ^ la what 
position b the equator, with roipeet to the ecliptic 1 
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instead of circles. Now it win be understood by the figure that 
tne inclination of the equator to the ecliptic, (or the sun*s ap- 
parent annual path through the heavens,) will cause these 
unes, namely, the line of the equator and the line of the eclip- 
tic, to cut, or cross each other, as the sun makes his appa- 
rent annual revolution, and that this intercession will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit 

These periods are on the 21st of March, and the 21st of 
September, in each year, and the points at which the sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the autumnal equinox, 
and that wnich happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the days and nights are equal in length in every part of 
the fflobe. 

The solstices are the points where the ecliptic and the 
equator are at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer ^ and the other the winter 
solstice. The sun is said to enter the summer solstice on the 
21st of June ; and at this time, in our hemisphere, the days 
are longest, and the nights shortest On the 21st of Decem- 
ber he enters his winter solstice, when the l^gth of the days 
and nights are reversed from what they were in June before, 
the days being shortest and the nights longest. 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the earth's 
revolution. 

Suppose the earth, fig. 198, to be in her summer solstice, 
which takes place on the 2ist of June. At this period she . 
will be at a, having her north pole, n, so inclined towards the 
sun, that the whole arctic circle will be illuminated, and con- 
sequently the sun's rays will extend 23i degrees, the breadth 
of the polar circles, beyond the north pole. The diurnal revo- 

At what times in the year do the line t>f the ecliptic and that of tho equi- 
nox intersect each oUierl What are these pomts of intenection called? 
Which is the autumnal and which the vernal equinox ? At what time does 
the sun rise and set, when he is in the equinoxes 1 What are the sobtiees % 
When the^snn enters the summer solstice, what is said of the length of the 
days and nights? When does the sun enter the winter. sohtice, and what is 
the proportion hetween the length of the day and nights 1 




lution, therefore, when the earth is at a, causes no succei^Aion 
of day and niffht at the pole, since the whole frigid zone is 
within reach of his rays. The people who live within the 
arctic circle, will consequently, at this time, enjoy perpetual 
day. During this period, just the same proportion of the 
earth that is enlightened in the northern hemisphere, will be 
in total darkness in the opposite region of the southern hemi- 
sphere ; so that while the people of the north are blessed with 
perpetual day, those of the south are groping in perpetual 
night. Those who live near the arctic circle in the north 
temperate zone, vnll, during the winter, come, for a few hours, 
within the region of night, by ihe earth's diurnal revolution ; 
and the greater the distance from the circle, the longer will 
be their nights, and the shorter their days. Hence, at this 
season, the days will be longer flian the nights every where 
between the equator and the arctic circle. At the equator, 
the days and nights will be equal, and between the equator 
and the south polar circle, the nights will be longer than the 
days, in the same proportion as the days are longer than the 
nights, from the equator to the arctic circle. 

At what season of the year is the whole arctic circle illuminated 7 At 
what season is the whole antarctic circle in the dark 7 While the people 
near the north pole enjoy perpetual day, what is the situation of those near 
the south pole % At what season will Uie days he longer than the nights 
every where between the equator and the arctic circle 1 At what season wHl 
the ni^ts be longer than the days in the southern hemisphere 1 
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Ai die earth mores round the sun, die line which divides 
ihe darkness, and the light, gradually approaches the poles, 
till haying performed one quarter of her yearly journey from 
the point a, she comes to 6, ahout the 21st of Septemher. At 
diis time, the boundary of light and darkness passes throufirh 
the poles, dividing the earth equally from east to west ; 
and thus in every part of the world the days and nights are of 
equal length, the sun being 12 hours alternately above and 
below the horizon. In this position of the earth, the sun is 
laid to be in the autumnal emiinox. 

In the progress of the earth from b to c, the light of the sun 
gradually reaches a little more of the antartic circle. The 
days, therefore, in the northern hemisphere, grow shorter at 
every diurnal revolution, until the 21st of December, when 
the whole arctic circle is involved in total darkness. And 
now, the same places which enjoyed constant day in the June 
before^ are involved in perpetual night At this tune, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice ; and th^a the winter nights are just 
as long as were the summer days, and the winter days as long 
as the summer nights. ' 

When the earth has gone another quarter of her annual 
journey, and has come to the point of her orbit opposite to 
where she was on the 21st of September, which happens on 
the 21st of March, the line dividing the light from the dark- 
ness again passes tibrou^h both poles. In this position of the 
earth with respect to me sun, the days and nights are again 
equal all over the world, and the sun is said to be in his vernal 
equinox. 

From the vernal equinox, as the earth advances, the north- 
em hemisphere enjoys more and more light, while the southern 
lalls into the region of darkness, in proportion, so that the 
days north of the equator increase in length, until die 21st of 
June, at which time, the sun is again longest above die hori- 
zon, and the shortest time below it. 

Thus the apparent motion of the sun, from east to west, is 
caused by the real motion of die earth from west to east If 

When win the days and mghts be equal in all puts of the earth ? At 
what season of the year is toe whole arctic circle involved in darkness 1 
When are tKs da;p and lughts equal all over the world ? When is the sun 
n the vernal equinox ? What is the cause of the apparent motion of the 
sun firom east to weitl What is the apparent path of the sun, but the real 
path of the earth 1 
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the earth is ki any point of its oHlnt, the ran wffl always seem 
in the opposite point in the heavens. When the earth moves 
one degree to the west, the sun seems to move the same dis- 
tance to the east ; and when the earth has completed one re- 
volution in its orbit, the sun appears to have completed a re- 
volution through the heavens. Hence, it follows, that the 
ecliptic, or the apparent path of the sun through the heavens, 
is the real path of the earth round the sun. 

It will be observed by a careful perusal of the above expla- 
nation of the seasons, and a close mspection of the figure by 
which it is illustrated, that the sun constantly shines on a 
portion of the earth equal to 90 degrees north, and 90 degrees 
south from his plape in the heavens, and consequently, that 
.he always enlightens 180 degrees, or one half of the earth. 
If, therefore, the axis of the earth were perpendicular to the 
plane of its orbit, the days and nights would every where- be 
equal, for as the earth performs its diurnal revolutions, there 
would be 13 hours day, and 12 hours night But since the 
incUnation of its axis is 23| degrees, the light of the sun is 
thrown 23ft degrees beyond the north pole ; that is, it enlight- 
ens the earth 23i degrees further in that direction^ when ihe 
north pole is turned towards the sun, than it would, had the 
earth's axis no inclination. Now, as the sun's liffht reaches 
only 90 degrees north or south of his place in the heavens, so 
when the ar<^tic circle is enlightened, the antartic circle 
must be in the dark ; for if the hffht reaches 23* degrees be- 
yond the north pole, it must fall 231 degrees short of the souUi 
pole. 

As the earth travels round the sun, in his yearly circuit, 
this inclination of the poles is alternately towards^ and from 
him. During our winter, the north polar region is thrown 
beyond the rays of the sun, while a corresponding portion 
around the south pole enjoys llie sun's light. And thus at 
the poles there are alternately six months of darkness and win- 
ter, and six months of sunshine and summer. While we, in 
the northern hemisphere, are chilled by the cold blasts of 
^nter, the inhabitants of the southern hemisphere are enjoy- 
ing all the delights of summer ; and while we are scorched 

Had the earth's axis no inclination, why would the d^jB and nights 
always be equal 1 How many degrees does the sun's light reach, north and 
south of him, on the earth 1 Dunng our winter, is the north pole turned to, 
or from the sun 1 At the poles, how many days and nights are tiiexe in the 
year 1 WHen it is winter in the northern henusphere, whal is the ieason in 
the southern hemisphere t 
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by the rays of a veitical eun in June and July, our southern 
neighbors are shivering ivith the rigors of mia-winter. 

At the equator, no such changes take place. The rayg of 
. the sun, as the earth passes around him, are vertical twice a 
year at every place between the tropics. Hence, at the equa- 
tor, there are two summers and no winter, and as the sun 
there constantly shines on the same half of the earth in suc« 
cession, the days and nights are always equal, there being 12 
hours of light, and 12 of darkness. 

Motion of the Earth. — ^The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its motion 
on its own axis, at the equator, is at the rate of about 1042 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than towards the poles, in proportion to its greater distance 
from the axis of motion, ^ee fig. 16. 

The method of ascertaining the velocity of the earth*s mo- 
tion, both in its orbit and round its axis, is simple, and easily 
understood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained. 

We are insensible to these motions, because not only the 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects in consequence of it If we look out at the window 
of a steam-boat, when it is in motion, the boat will^eem to 
stand still, while the trees and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hai^ 
mg any object with which to compare this motion, when shut 
up in the boat ; for then every object around us keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing with which to compare its movement, ex- 
cept the heavenly bodies, when the earth moves in one diMM- 
tion» these objects appear to move in the contrary direction. 

Causes of the Heat and Cold of the Seasons. 

We have seen that the earth revolves round t he sun in an 

At what rate does the earth move around the sun ? How &st does it 
move around its axis at the equator'} How is the velocity of the earth a» 
oertained 1 Why aro we insenaible of the earth's moCkm 1 
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eUipiioil orint, of which the son is one of the fod, and conse^ 
Guently, that the earth is nearest him, in one part of her orhi< 
man in another. From the great chfference we experience 
between the heat of summer and that of winter, we shonld he 
led to suppose that the earth must be much nearer the sun is 
the hot season, than in the cold. But when wecome to in- 
quire into this subject, and to ascertain the distance of the 
sun at different seasons of the year, we find that the great 
source of heat and light is nearest us during the cold of win- 
ter, and at the greatest distance during the heat of summer. 

It has been explained, under the article Optics, that the 
angle of vision depends on the distance at wnich a body of 
ffiven dimensions is seen. Now, on measuring the angular 
oimenition of the sun, with accurate instruments, at different 
seasons of the year, it has been found that his dimensions 
increase and diminish, and that these variations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit If, for instance, his apparent diameter be taken 
in March, and then a^in in July, it will be found to have 
diminished, which dimmution is only to be accounted for, by 
supposing that he is at a greater distance from the observer in 
July than in March. From July, his angular diameter gra- 
dually increases, till January, when it again diminishes, and 
continues to diminish, until July. Bj many observations, it 
is found, that the greatest apparent diameter of the sun, and 
therefore his least distance from us, is in January, and his 
least diameter, >uid therefore his greatest distance, is in July. 
The actual difference is about three millions of miles, the 
sun being that distance further from the earth in July than in 
January. This, however, is only about one sixtieth of his 
mean distance from us, and the difference we should experi- 
ence in his heat, in consequence of this difference of distance, 
will therefore be very smalL Perhaps the effect of his proxi- 
mity to the earth may diminish, in some small degree, the 
severity of winter. 

■be heat of summer, and the cold of winter, must therefore 

At what seaBon of the year is the sun at the greatest, and at what season 
the least distance, from uie earth 1 How is it asoeitelned that the earth 
moves in an elliptical orbit, by the appearance of the sun 1 When does the 
sun appear under the matest apparent diameter, and when under the least 1 
How much farther is toe sun frcnn us in July, than in January % What e^ 
feet does this difference produce on the earth 1 How is the heat of Bommor, 
and the cold of wmter, accoanCed for 1 
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arise frokn the difference in the meridian altitude of the sun, 
and in the time of his continuance above the horizon. In 
summer, the solar rays &11 on the earth, in nearly a perpen- 
dicular direction, and his powerful heat is then constantly ac- 
cumulated by the long days and short nights of the season. 
In winter, on the contrary, the solar rays fall so obliquely on 
the earth, as to produce little warmth, and the small effect they 
do produce during the short days of that season, is almost en- 
tirely destroyed by the long nights which succeed. The dif- 
ference between the effects of perpendicular and oblique rays, 
seems to depend, in a great measure, on the different extent 
of surface over which they are spread. When the rays of 
the sun are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturally cov- 
ered a large surface, are then made to cover a smaller one, 
so that the power of the glass depends on the number of rays 
thus brought to a focus. If, on the coritrary, the rays of the 
sun are suffered to pass through a concave lens, their natural 
heatinff power is diminished, because they are dispersed, or 
spread over a wider surface than before. 

Now, to apply these different effects to the summer and 
winter rays of the sun, let us suppose that the rays falling 
perpendicularly on a given extent of surface, impart to it a 
^^ certain degree of heat, 

£^. 199. £^ then it is obvious, that 

if the same number of 
rays be spread over 
twice that extent of sur- 
face, their heating pow- 
er would be diminished 
in proportion, and that 
only half the heat would 
be imparted. This is 
the effect produced by 
the sun's rays in the 
winter. They fall so 
obliquely on the earth, 
as to occupy nearly 
double the space that 
ibe same number of rays do in the summer. 

Why do tlie perpendiccilar nyu of summer produce greater effects than 
the oblique rays of winter 1 How is this illustrated by the convex and concav« 
~ nee? How kthe actual difference of the summer and wxiiter rays showQ 1 
21 
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This is Olastrated by fig. 199, where iae niiinber of ntys 
both in winter and summer, are supposea to be the flame* 
But it will be obsenred, that the winter rays, owing to their 
oblique direction, are spread over nearly twice as much sur- 
hce as those of summer. 

It may, however, be remarked, that the hottest season is 
not usually at the exact time of the year, when the sun is most 
vertical, and the days the longest, as is the case towards the 
end of June, but some time a&rwards, as in July and August. 

To account for this, it must be remembered, that when the 
sun is nearly vertical, the earth accumulates more heat by day 
than it grlves out at night, and that this accumulation conti- 
nues to mcrease after the days begin to shorten, and conse- 
quently, the greatest elevation of temperature is some time 
after the longest days. For the same reason, the themlome< 
ter generallv indicates the greatest degree of heat at two or 
three o*clock on each day, and not at 12 o'clock, when the 
sun's rays are most powerful. 

Figure of the Earth. 

Astronomers have proved that all the planets, together with 
their satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, that 
^e earth would be found of the same shape ; and several 
phenomena tend to prove, beyond all doubt, that this is its 
form. The figure of the earth is not, however, exactly that 
of a globe, or ball, because its diameter is about 34 miles less 
from pole to pole, than it is at the equator. But that its gen- 
eral figure is that of a sphere, or ball, Is proved by many cir- 
cumstances. 

When one is at sea, or standing on the sea shore, the first 
part of a ship seen at a distance, is its mast. ,As the vessel 
advances, the mast rises higher and higher iibove the horizon, 
and finally the hull, and whole ship, become visible. Now, 
were the earth's surface an exact plane, no such appearance 
would take place, for we should then see the hull long before 
the mast or rigging, because it is much the largest object* 



Why u not the hottest seaeon of the year at the period when the davs 
aie bngest, and the sun most vertical ') What is the ffeneral fiffure of the 
earthi How much leas is the diameter of the earth at the poles than at tbs 
emiator ? How u the convexity of the eaxth proved, hy the approaich <^ » 
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a 1 

It will be plain by fig. 200, that were ^e ship, a, eleva* 
ted, so that the hull should be on a horizontal line with the 

S'e, the whole ship would be visible instead of the topmast, 
ere being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, as well as at' h. 

We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover Uie 
ground on which they stand ; and that when a man approach- 
es from the opposite side of a hill, his head is seen before his 
leet 

It is a well known feet also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were the 
earth an extended plain, since then the longer the navigator 
sailed in one direction, Uie further he would be from home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadoiny^n the moon, during eclipses, which sha- 
dow is always bounoed by a circular line. 

These circumstances prove beyond all doubt, that the form 
of the eartti is globular, but that it is not an exact sphere; and 
that it is depressed or flattened at the poles, is shown by the 
difierence in the lengths of pendulums vibrating seconds at 
(be poles and at the equator. 

Under the article 'pendulum^ it was shown that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this in- 
strument is carried to that point, the stronger will be the at- 
traction, and consequently tne more firequent its vibrations. 

From a great number of experiments, it has been found 

Explain fig. 900. What other pioofB of the s^bulur shape of the earth are 
mentioned 1 How k it prored by the %ihntaoM of the pendulum, that the 
eaith ie flattened at the poieel 
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that a pendulum, which ribrates aeconda at the equator, ha« 
its number of vibrationa increased, when it is carried towards 
the poles, and as its number of vibrations depends upon its 
length, a clock which keeps accurate time at the equator, must 
have its pendulum lengthened at the poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened, to keep exact time at Uie equa- 
tor. Hence the force of gravity is greatest at the poles, and 
least at the equator. 

Fig. 301. The manner in which the 

figure of the earth differs from 
mat of a sphere, is represented 
by fig, 201, where n is the 
north pole, and^ the south pole, 
the line from one of these points 
to the other, beinf the axis of 
the earth, and theline crossing 
this the equator. It will be 
seen by this figure that the 
sur&ce of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difference between 
the polar and equatorial diameters is in the proportion of 900 
to 301. The earth is therefore called an oblate spJieroid, the 
word oblate si^ifyinff the reverse of oblong, or shorter in one 
direction than m anoUier. 

The compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
effect of its diurnal revolution, while it was in a soft or plastic 
state. If a ball of soft clay, or putty, be made to revolve 
rapidly, by meanis of a stick passed through its centre, as an 
axis, it wUl swell out in the middle, or equator, and be de- 
pressed at the poles, assuming the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifu^ force, which operates to throw the matter oflj in 
proportion to its distance from the axis of motion, and the 
rapidity with which the ball is made to revolve. The parts 
about the equator would therefore tend to fly off, and leave 

In what proportion is the polar, less than the emiatoria] <]iameter1 What 
is the earth called, in reference to this figure 7 How is it supposed that it 
came to have thb form ? How is the form of the earth illustrated by expe- 
riment t Explain the reawm why a plastic ball will ffweU at the equatoj^ 
when made to revolve. 
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tae odier pairts, in consequence of die centrifuffsl force^ whfle 
those about the poles, bein^ near the centre of motion, would 
receive a much smaUer mipulse. Consequently the bidl 
would swell, or bulge out at the equator, which would produce 
a corresponding depression at the poles. 

The weight of a body at the poles is found to be greater 
than at the eauator, not only because the poles are nearer 
the centre of tne earth than the equator, but oecause the cen- 
trifugal force there tends to lessen its gravity. The wheel 
of machines, which revolve with the greatest rapidity, are 
made in the strongest manner, otherwise they will fly in 
pieces, the centrifugal force not only overcoming the gravity, 
out the cohesion of their parts. 

. It has been found, by calculation, that if the earth turned 
over once in 81 minutes and 43 seconds, the centrifugal force 
at the equator would be equal to the power of ^vity there, 
and that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the builoin^s, rocks, 
mountains, and men, at the equator, would not only lose theb 
weight, but would fly away, and leave the earth* 

Solar and Sideriai Hme, 

The stars appear to go round the earth in VR hours, 56 
minutes, and 4 seconds, while the sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 seconds upon the sun every day. In a year, this 
amounts to a day, or to the time taken by the earth to per« 
form one diurnal revolution. It therefore Imppens, that wnen 
time is measured by the stars, there are 366 days in the yearr 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year* The former are called the siaerialf 
and the latter solar days. 

To account for this diflerence, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock to- 
day, she is not precisely at the same place in respect to the 

What two causes render the weights of bodies less at the equator than at 
the poles 1 What wonld be the consequence on the weights of bodies at the 
equator, cfid the earth turnover once in 84 minutes and 43 seconds? Thestan 
M^ear to move round the earth in less time than the siin, what does the 
mfeienceamounttoinayearl WhatisthayeariaeMiiaredbjraitaiMJMT 
What is that meaMirect It tile son called 1 
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Mm, that slie was at 12 o'clock yesterday, or will be to-mor- 
row. But the fixed stars are at such an amazing distance 
from us, that the earth's oibit, in respect to them, is but a 
point ; and therefore, as the earth's diurnal motion is perfectly 
uniform, she revolves from any uriven star to the same star 
affain, in exactly the same period of absolute time. The orbit 
of the earth, were it a solid mass, instead of an imaginary 
circle, would have no appreciable length or breadth, when 
seen from a fixed star, and therefore, whether the earth per- 
formed her diurnal revolutions at a particular station, or wnile 
passing round in her orbit, would make no appreciable differ- 
ence with respect to the star. Hence the same star, at every 
complete daily revolution of the earth, appears precisely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a person 
who walks round a circle of a hundred yards in diameter, 
and for the same reason a star appears in the same direction 
from all parts of the earth's orbit, tnough 190 millions of miles 
in diameter. 

If the earth had only a diurnal motioh, her revolution, in 
respect to the sun, would coincide exactly with the same 
revolution in respect to the stars ; but while she is making one 
revolution on her axis towards the east, she advances in th& 
same direction about one degree in her orbit, so that to bring 
the same meridian towards the sun, she must make a little 
more than one entire revolution. 
Fig. 203. 




How is the dififerenoe in time between the solaz and siderial year ac- 
eocinted for-? Theearth^a orbit is but a point m refbxenoe to a star: how j«> 
thJAiUustratedl 
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To make this plain, suppose the son, s^ fig. 90% to be e»- 
aetly on a meridian tine marked at e, on tilie eardi A^ on a 
given day. On the next day, the earth, instead of bein^ at A^ 
as on the day before, advances in its orbit to B^ and m the 
mean time having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on ^e day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to 0, in order to bring the same meridian agun under the sun. 
So on the next day, when the earth is at C, she must again 
complete more than two revolutions, since leaving Ji, by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to bring the same me-, 
ridian back again to the sun. This small portion of a second 
revolution amounts daily to the 365th part of her circumfer- 
ence, and therefore, at the end of the year, to one entire rota- 
tion, and hence in 365 days, the earth actually turns on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the earth, with respect to 
the sun, being lost, by the earth's yearly revolution. The same 
loss of a day happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes round tQwards the east, he 
will gain a day for the same reason. 

Equation of Time. 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
Ae earth, or the apparent path of the sun, is inclined to the 
earth's axis, and as the earth moves with different velocities 
in different parts of its orbit, the solar, or natural days, are 
sometimes greater and sometimes less than 24 hours, as shown 

Had the earth only a diurnal levolutioii, would the siderial and solar time 
agree 1 Show by fig. 202, how siderial, differs from solar time. Why does 
not the earth tamthe same meridian to the «un at the same time every day 1 
How many times does the earth turn on her axis in a year ? Why does sh* 
torn more times tiian there are days in the year? Why axe this sqUit days- 
> gveater, and sometimeB W than.34 hioarsl 



248 TIME. 

by an accurate dock. The consequence is, that a true sun 
dial* or noon mark, and a tme time piece, agree with each 
other, only a few times in a year. Tne difference between 
the sun dial and clock, thus shown^ is called the equation of 
time. 

The difference between the sun and a well reffulated clocks 
thus arises from two causes, the inclination of the earth's axis 
to the ecliptic, and the elliptical form of the earth's orbit. 

That the earth moves in an ellipse, and that its motion is 
more rapid sometimes tiian at others, as well as that the earth's 
axis is inclined to the ecliptic, have already been explained 
and illustrated. It remaim^ tiierefore, to show how these 
two combined causes, the elliptical form of tiie orbit, and the 
inclination of the axis, produce the disagreement between the 
sun and clock. In this explanation, we must consider the 
sun as moving around die ecliptic, while the earth revolves op 
her axis. 

Equals or mean time, is that which is reckoned bv a dock, 
supposed to indicate exactiy 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. A^^rent time* is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were the earth's orbit a perfect circle, fig. 196, and her 
axis perpendicular to tiie plane of tiiis orbit, tiie days would 
be of uniform length, and there would be no difference be- 
tween the clock and the sun ; both would indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the neavens will 
pass any meridian in equal times. This may be readily ex- 
plained to the pupil, by means of an artificial globe, but per- 
haps it will be understood by the following diagram. 

What is the difference between the time of a sun dial and a clock called 1 
What are the causes of the difference between the sun and clock 1 In ex- 
plaining equation of time, what motion b considered as belonging to the sun, 
and wlutt motion to the wrthl ¥niat is eq^, or mean time? What is 
apparent time % 
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203, be the concare 
of the heavenB, in the 
centre of which is 
the earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
^j} let A, Of 5, C, c, and 
df be the ecliptic, or 
the apparent path oi 
the sun through the 
heavens. Also, let 
A, 1, % 3, 4, 5, be 
equal distances on 
the equator, and A, a, 
5, C, c, and dy equal 
portions of the eclip- 
fic, corresponding with A 1, 2, 3, 4, and 5. Now we will sup« 
pose, that there are two suns, liamely, a false, and a real one ; 
that the false one passes through the celestial equator, which 
is only an extension of the e9u*th's equator to the heavens ; 
while the real sun has an apparent revolution through the 
ecliptic ; and that they both start from the point A, at the 
same instant. The false sun is supposed to pass through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
at the same time, so that the false sun arrives at the points 
1, 2, 3, 4, and 6, at the time when the real sun arrives at 
the points a, b, C, and c. When the two suns were at A, 
the starting poin^ they were both on the same meridian, 
but when me fictitious sun comes to 1, and the real sun to a, 
they are not in the same meridian, but the real sun is west- 
ward of the fictitious one, the real sun being at a, while the 
&lse sun is on the meridian 1, consequently, as the earth 
turns on its axis from west to east, any particular place will 

In fiff. 203, which is the celestial equator, and which the eclipticl 
Thiou^ which of these dicles does the false, and through which does the 
true son pass'? When the real sun arrives to a, and ue false one t* 1, 
aie they hoth on the same meridian 1 Which is then most westward? 
When the two suns are at 1 and a, why will any meridian come first 
under the real sun! Were the true sun in place pf the frlse^one, why 
would the eon and dock agreel 
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coma under the sun^s real meridian, sooner than under the 
fictitious 8ua*8 meridian ; that is, it will be 12 o'clock by the 
true sun» before it is 12 o'clock hy the false sun, or by a true 
clock ; but were the true sun in place of the false one, the 
sun and clock would ame. While the true sun is passing 
through that quarter of his orbit, from a to C, and tne ficti- 
tious sun from 1 to 3, it will always be noon by the true sun 
before it is noon by the fiilse sun, and during this period, the 
sun will he faster than the clock. 

When the true sun arriyes at C, and the fiilse one at 3, they 
are both on the same meridian, and the sun and clock agree. 
But while the real sun is passing from C to fi, and the false one 
from 3 to B, any meridian comes later under the true sun than 
it does under the false, and then it is noon by the sun afler it 
is noon by the clock, and the sun is then said to be slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the false one through 
half the celestial equator, and have seen that the two suns, 
since leaving the point A, have been only twice on the same 
meridian at the same time. It has been supposed that the two 
suns passed through equal arcs, in equal times, the real sun 
through the ecliptic, and the false one through the equator. 
The place of the false sun may be considered as representing 
the place where the real sun would be, in case the earth's axis 
had no inclination, and consequently it agrees with the clock 
every 24 hours. But the true sun, as he passes round in the 
ecliptic, comes to the same meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ecliptic, or in the other half year, the same variations succeed 
each other. 

The two suns are supposed to depart from the point A» on 
the 20th of March, at wnich time the sun and clock coincide. 
From this time, the sun ia faster than the dock, until the two 
suns come together at the point C, which is on the 21st of 
June, when the sun and clock again agree. From this period 
the sun is slower than the clock, until the 23d of September, 

While the suns are passiiiff from A to C, and from 1 to 3, will tha 
sun be faster or slower than the clock ? When ^e tYi<o suns are at C, 
niid 3, why will the sun and clock agree 1 While Ui3 real sun is passing 
from B to C, which is fiistest, the clock, or sunl What does the place of 
\iie fake sun lepres^ent, in fig. 2031 
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nd fussier again until the 2l8t of December, at which time 
Ihey affree as before. 

We nave thus seen how the inclination of the earth's axis, 
and the consequent obliquity of the equator to the ecliptic, 
causes the sun and clock to disagree, and on what days they 
would coincide, provided no other cause interfered with their 
agreement. But although the inclination of the earth's axis 
would bring the sun and clock together on the above-men- 
tioned days, yet this agreement is counteracted by another 
cause, which is the elliptical form of the earth's orbit, and 
though the sun and clock do agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in one part of its orbit than in another. When it is 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since die earth's distance from the sun is 
constantly changing, her rate of velocity also changes, and 
she passes through unequal portions of her orbit m equal 
times. Hence on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of Uie sun's apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the ^eatest distance from the sun, which hap- 
pens on the 1st of July, and when she is at the least distance 
from him, which happens on the 1st of January. As the earth 
moves faster in the winter than in tiie summer, from this 
cause, the sun would be &ster than the clock from the 1 st of 
July to the 1st of January, and then slower than, the clock 
from tiie 1 st of January to the 1st of July. 

We have now explained, separately, the two causes which 
prevent the coincidence of tiie sun and clock. By the first 
cause, which is the inclination of the earth's axis, they would 

The mcUnadon of the earth's axis would make the sun and clock agree 
in March, and the other months above named : why then do they not ao- 
tuallj agfree at those times *{ Were the earth's orbit a perfect circle, on 
what days would the sun and clock agree 1 How does the form of the 
earth's fM'bii interfere with the agreement of the sun and dock on those 
daysl At what times would the form of the earth's orbit bring the sun 
and clock to agree 1 
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ftgree four timefl in the year, and by the second cause, the ir 
regularity of the earth's motion, Iney would coincide only 
twice in the year. 

Now these two causes counteract the effects of each other, 
so that the sun and clock do not coincide on any of the days^ 
when either cause, taken singly^ would make an agreement 
between thenL The sun ana clock, therefore, are together, 
only when the two causes balance each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This e^ect is produced four times 
in the year; namely, on the 15th of April,15th of June, 31st 
of August, and 24tn of December. On these days, the sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time, is l&k minutes, which takes place 
about the 1st of November. 

Precession of the Equinoxes. 

A tropical year is the time it takes the sun to pass from 
one equinox, or tropic, to the same tropic, or equinox, again. 

A siderial year is the time it takes the sun to perform his 
apparent annual revolution, from a fixed star, to the same fix- 
ed star again. 

Now it has been found that these two complete revolutions 
are not finished in exactly the same time, but that it takes the 
sun about 20 minutes Ipnger to complete his apparent revolu- 
tion in respect to the star^ than it does in respect to the equi* 
nox, and nence the siderial year is about 20 minutes longer 
than the tropical year. The revolution of the earth from 
equinox to equinox, again, therefore precedes its complete re- 
volution in the ecliptic by .about 20 minutes, for the absolute 
reyolution of the earth is measured by its return to the fixed 
star, and not by the return of the sun to the same e(]^uinoctial 
point This apparent falling back of the equinoctial point, 
so as to make tne time when it meets the sun precede the time 

The mdination of the earth's axis would make the sun and clock 
agree four times in the year, and the form of the earth's orbit would 
make them agree twice in the year, now show the reason why they do 
not agree fiom these causes, on we above mentioned days, and why they 
do agree on other days. On what days do the sun and dock agreed 
What Is a trofiical yearl What is a siderial yearl What is the dil^ 
Ibrence in the time which it takes the sun to ooindete his revolution in 
respect to a star, and in respect to the equinooc 1 Eigplain what is meaat 
bj the pnoeasion of the equinoxes ' 
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irhen the earth makes its complete revolution in respect to the 
star, is called the precession of the equinoxes. 

The distance which the sun thus gains upon the fixed star, 
or the difference between the sun and star, when the sun has 
arrived at the equinoctial ];^oint, amounts to 50 seconds of a 
degree, thus making the equinoctial point recede 50 seconds 
of ^ degree, (when measured by the signs of the zodiac,) 
westward, every year, contrary to the sun*s annual progressive 
motion in the ecliptic. 

Fig. 204. 




To illustrate this by a figure, suppose S, fig. 204, to be the 
sun, E the earth, and a a fixed star, all in a straight line with 
respect to each other. Let it be supposed that this opposi- 
tion takes place on the 21st of March, at the vernal equinox, 
and that at that time the earth is exactly between the sun and 
the star. Now when the earth has performed a complete 
revolution around its orbit 6, a, as measured by the star, she 
will arrive at precisely the same point where she now is. But 
it is found that when the earth comes to the same equinoctial 
point, the next year, she has not gone her complete revolution 
m respect to the star ; the equinoctial point having fallen back 
with respect to the star, during the year, from E to e, so that 
the earth, after ving completed her revolution, in respect to 

How many seconds of a degree does the equinox recede every year, 
•rhen the tun's place is compared with a star 1 How does 6g. 204, fl- 
Justrate the precession of tho equinoxes 1 Explain fig. 204, and mom 
team what points the equinoxes fall back from year to year. 
22 
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the eauinox, has yet to. pass the space from e to £, to com 
plete ner revolution in respect to the star. 

The space from E to e, being 50 seconds of a degree, and 
the equinoctial point falling this space every year short of the 
place where the sun and this point agreed the year before, it 
IS obvious, that on the next revolution of the earth, the equi- 
nox will not be found at e, but at z, so that the earth, having 
completed her second revolution in respeji^t to the sun when at 
1, will still have to pass from i to £, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun's apparent motion, or 
about 20 minutes in time, short of the point where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed stars, or those in the sign of the zodiac, move forward 
every year 60 seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of the sign Aries, for in- 
stance, will then aj)pear in me beginning of Taurus, having 
moved forward one whole sign, or 30 degrees, witli respect to 
the equinoxes, or the equinoxes having gone backwards 30 
degrees, with respect to the stars. In 12,960 years, or 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the sign Aries, 
will then be in the opposite point of the zodiac, and therefore, 
in the first degree of Libra. And in 12,690 years more, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, from 
Libra to Aries, thus completinff the whole circle of the zodiac. 
Thus in about 26,000 years the equinox will have gone back- 
wards a whole revolution around the axis of the ecliptic, and 
the stars will appear to have gone forward the whple circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient and modern observations, con- 
How many minutes, in time, is the precession of the equinoxes pei 
year? What effect does this {)recession produce on the fixed stars 1 
How many years is a star in going forward one degree, in respect to the 
equinoxes'? In how many years will the stars appear to have passed 
half around the heavens 1 In what period will the earth appear to have 
gone backwanls one whole revolution? In what respect is the pieces 
sioa oi th£ equinoxes an important subject ? 



MOON. 



865 



eeming the places of the signs of the zodiac, not to be recon* 
tiled in ahy other manner. 

A complete explanation of the cause which occasions the 
precession of the equinoxes, would require the aid of the most 
abstruse mathematics, and therefore cannot be properly in^- 
troduced here. The cause itself may, however, be stated in 
a few words. 

It has already been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to be 
accumulated at the equator, and hence, that the equatorial, is 
greater than the polar diameter, by 34 miles. Now the at- 
traction of the sun, and moon, on this accumulated matter at 
the equator, has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. 

The Moon. 

While the earth revolves round tbe sun, the moon revolves 
round the earth, completing her revolution once in 27 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 hours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month ; and the lime from change to change 
is called her synodical month. If the earth had no annual 
mottbn, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
tlie earth, the moon must go as much farther, from change to 
change, to make these periods equal, as the earth goes for- 
ward during that time, which is more than the twelfth part of 
her orbit, mere being more than twelve lunar periods in the 
year. 

These two revolutions may be familiarly illustrated by the 
motions of the hour and mmute hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch'^to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revolution, while the hour hand of 

What is the cause of the precession of the eqmnoxes 1 What is the 
period of the moon's revolution round the earm 1 What is the period 
from new moon to new moon again 1 What are these two periodi 
called 1 Why are not the periodica and synodical months equal 1 How 
are these two revolutions of the moon illustrated by the two hands of 
awatchi 
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the watch represents the son, and the minute hand the moon. 
Then, as the hour hand goes around the dial plate once in 12 
hours, so the sun apparently goes' around the zodiac once in 
12 months ; and as the minute hand makes 12 revolutions to 
one of the hour liand, so the moon makes 12 revolutions to 
one of the sun. But the moon, or minute hand, must go more 
than once round, from any point on the circle, where it last 
came in conjunction with the sim, or hour hand, to overtake 
it again, since the hour hand will have moved foiHvard of the 
place where it was last overtaken, and consequently the next 
conjunction must be forward, of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
part of the circle, but the minute hand has not only to go 
round the whole circle in an hour, but also such a portion of 
it, as the hour hand has moved forward since they last met. 
Thus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 6 minutes 27 seconds past I o'clock ; the next, 
10 min. 54 sec. past II o'clock ; the third, 16 min. 21 sec. 
past III ; the 4th, 21 min. 49 sec. past IV : the 5th, 27 min. 
10 sec. past V ; the 0th, 32 min. 43 sec. past VI ; the 7th. 
38 min. 10 sec. past VII ; the 8th, 43 min. 38 sec. past VIII ; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec. 
past X ; and the next conjunction is at XII. 

Now although the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
ly into the same position in respect to the sun. At her change, 
she is in conjunction with thp sun, when she is not seen at all, 
and at this time astronomers call it new moon, though gene- 
rally, we say it is new moon two days afterwards, when a 
small part ot her face is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
the motions of the hands of a watch ; for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with the hour hand, by about the 
twelfth part of the circle. . 

The same principle is true in respect to the moon ; for as 

AA^ntion the time of several conjunctions between the two hands of a 
watch. Why do not the moon's changes take place at the periods of 
her revolution around the earth 1 How much longer does it take the 
moon to come again in conjuncticai wkh the son, than it does to perform 
ket periodjgal revolution 1 v 
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the eairth advances in its orbit, it tak^s the moon 2 dajs 5 
hours and 1 minute longer to come again in conjimction with 
the sun, than it does to make her monthly revolution round 
the earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution makes 29 days 12 hours and 44 minutes, the 
period of her synodical revolution. 

The moon always presents the same side, or face, towards 
the earth, and hence it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
earth, so that the inhabitants of the moon have but one day, 
and one night, in the course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of the 
sun's light, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected from the sun; therefore, 
while that half of her which is turned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine by her own light, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant changes which she undergoes, in 
her passage around the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the firm of a crescent ; and at 
this time she is commonly called new fnoon. From this peri- 
od, she goes on increasing, or showing more and more of her 
face every evening, until at last she becomes round, and her 
face fully illuminated. She then begins again to decrease, by 
apparently losing a small section of her face, and the next 
evening, another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ; 
and having been absent a day or two, re-appears, in the form 
of a crescent, or new moon, as before. 

How is it proved that the moon makes but one revolution on her axis, 
as she passes around the earth 1 One half of the moon is never in the 
dark ; explain why this is so. How long is the day and night at the 
other half? How is it shown that the moon shines only by reflectetj 
fight 1 

22* 
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When the moon disappears, she is said to foe ineonjunefion, 
that is, she is in the same direction from us with the sun. 
When she is full, phe is said to be in opposition, that is, she is 
in ^at part of the heavens opposite to the sun, as seen by us. 

Tlie diflerent appearances of the moon, from new tofuTl, 
and from full to cnange, are owing to her presenting different 
portions of her enlightened surface towards us at different 
times. These appearances are called the phases of the moon, and 
ai« easily accounted for, and understood, by the following i^gure 





Let 5, ^g, 205, be the sun, E the earth, and A, B, C, D, 
JE, the moon in different parts of her orbit. Now when 'the 
moon changes, or is in conjunction with the sun, as at A, her 
dark side is turned towards the earth, and she is invisible, as 
represented at a. The sun always shines on one half of the 
moon, ir every direction, as represented at A and B, on the 
inner circle ; but we at the earth can see only such portions of 
the enlightened half as are turned towards us. After her change, 
when she has moved from J. to B, a small part of her illumi- 
nated side comes in sight, and she appears horned, as at 6, and 
is then called the new moon. When she arrives at C, several 
days afterwards, one lialf of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in her first quarter, because she 
has passed through a quarter of her orbit, and is 90 degrees 

When 18 the moon said to lie in conjunct ion with the sun, and when in oppo- 
dtion to the sun 7 What are the phases of the mdon ? Describe %. 205, anl 
•how bow the moon passes fiom change to full, and from full to diango 
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from the place of her conjunction with the sun. At 2>, she 
shows us still more of her enlightened side, and is then said 
to appear ffibbons<, as at d. When she comes to JE, her whole 
enlightened side is turned towards the earth, and she appears 
in ail the splendor of &full moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she again becomes invisible by her conjunction 
with the sun. Thus in passing from her conjunction a, to 
her full, e, the moon appears every day to increase, while in 
going from her full to her conjunction again, she appears to 
us constantly to decrease, but as seen from the sun, she ap« 
pears always fiill. 

The earth, seen by the inhabitants of the moon, exhibits 
the same phases that the moon does to us, but in a contrary 
order. When the moon is in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the moon is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon aoes to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite side. Con- 
sequently, the lunarians who live on the opposite side to us 
never see the earth at all. To those who live on the middle 
of the side next to us, our earth is always visible, and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in about thirty days, 
A lunar astronomer, who should happen to live directly appo- 
site to that side of the moon, which is next to us, would have 
to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our er^rth above the horizon, and if he had 
the curiosity to see such & glorious orb, in its full splendor 
over his head, he must travel 3000 miles. But if his curiosity 
equalled that of the terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as large as ours. 

That the earth shines upon the moon as the moon does upon 
us, is proved by the fact that the outline of her whole disc may 

What is said concerning the phages of the earth, as seen from the 
moon 1 When does the earth appear full at the moon 1 When is the 
earth, in her change, to the people of the moon 1 Why do those who 
five on one side of the moon never see the earth 1 How is it known 
ihat Uie earth shines upon the moon, as the moon does upon.UB 1 
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be seen, when only a part of it is enlightened by the sun. 
Thus when tlie sky is clear, and tlie moon only two or three 
days old, it is not uncommon to see the brilliant new moon^ 
with her horns enlightened by the sun, and at the same time, 
the old moon faintly illuminated by reflection from the earth. 
This phenomenon is sometimes called *' the old moon in the 
new moon's arms." 

It was a disputed point among former astronomers, whether 
the moon has an atmosphere; but the more recent discoveries 
have decided that she has an atmosphere, though there in 
reason to believe that it is much less dense than ours. 

When the moon's surface is examined through a telesocpe, 
it is found to be wonderfully diversified, for besides the dark 
spots perceptible to the naked eye, there are seen extensive 
valleys, and long ridges of highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 mi^es deep, and almost 
exactly circular, appear excavated on the plains. Astronomers 
have been at vast labor to enumerate, figure, and describe, the 
mountains and spots on the surface of the moon, so that the 
latitude and longitude of about 100 spots have been ascertain- 
ed, and their names, shapes, and relative positions given. A 
still greater number of mountains have been named, and their 
heights and the length of their bases xietailed* 

The deep caverns, and broken appearance of the moon's 
surface, long since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in. the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
quantities. 

It was formerly believed that several large spots, which ap- 
peared to have plane surfaces, were seas, or lakes, and that a 
part of the moon's surface was covered with water, like that 
of our earth. But it has been found, on closely observing 
these spots, when they were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 

such reflection took place. It has also been found, that when 

_ ^■ - . 

What is sald'-'conceming the moon's atmosphere? How high a» 
some of the mountains, and how deep the caverns of the moon 1 What 
is said concerning the volcanoes of the mjon ? 
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these spots were turned in a certain position, their surfaces 
appeared rough, and uneven ; a certain indication tliat they 
are not water. These circumstances, together with the fact, 
cliat the moon's surface i» never obscured by mist or vapor, 
arising from the evaporation of water from her surface, have 
induced astronomers to believe, that the moon has neither 
stas, lakes, nor rivers, and indeed that no water exists there. 

Eclipses 

Every planet and satellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, ju^t as the shadow of a man reaches from the 
sun. A shadow is nothing more than the interception of the 
rays of light by an opaque body. The earth always makes a 
shadow, which reaches to an immense distance into open 
space, in the direction opposite to the sun. When the earth, 
turning on its axis, carries us out of the sphere of the sun's 
light, we say it is sun-set, and then we pass into the earth's 
shadow, and night comes on. When the earth turns half 
round from this poibt, and we again emerge out of the earth's 
shadow, we say, the sun rises, and then day begins. 

Now an eclipse of the moon is nothing more than her falling 
into the shadow of the earth. The moon havinff no light of 
her own, is thus darkened, and we say she is eclipsed. The 
shadow of the moon also reaches to a great distance from her. 
We know that it reaches at least 240,000 miles, because it 
sometimes reaches the earth. An eclipse of the sun is occa- 
sioned whenever the earth falls into the shadow of the moon. 
Hence in eclipses, whether of the sun or moon, the two plan- 
ets and the sun must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is be- 
tween the earth and sun. 

If the moon went around the siin in the same plane with 
the earth, that is, were the moon's orbit on the plane of the 

What is supposed conoemii^ the lakes and seas of the moon 1 On 
what grounds b it supposed that there is no water at the moon 1 What 
itf a shadow 1 When do we say it is sun>set, and when do we say it is 
«an-risel What occasions an eclipse of the moon? What causes 
eclipses of the sun 1 In eclipses of the moon, what planet is between 
the sun and moon 1 In eclipses of the sun, what planet is between the 
nun and earth 1 Why is there not an eclipse of the sun at eveiy C9i^ 
junction of the sun and mooni 
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ecliptie, there would happen an eclipae of the sun at ereir 
conjunction of the gun and moon, or at the time of every new 
moon. But at these conjunctions, the moon does not come 
exactly between the earth and sun, because the orbit of the 
moon is inclined to the ecliptic at an angle of bk degrees. Did 
the planes of the orbits of the earth and moon coincide, there 
would be an eclipse of the moon at every full, for then the 
moon would pass exactly through the earth's shadow. , 

One half of the moon's orbit being elevated 6* degrees 
above the ecliptic, the other half is depressed as much below 
it, and thus the moon's orbit crosses that of the earth in two 
opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other hall 
below these points. The node in which she crosses the plane 
of the ecliptic upward, or towards the north, is called her o^cend- 
ing' node. That in which she crosses the same plane down- 
ward, or toward the south, is called her descending node. 

The moon's orbit, like those of the other planets, is ellipti 
cal, so that she is sometimes nearer the earth than at others 
When she is in that part of her orbit, at the greatest distance 
from the earth, she is said to be in her apogee, and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only happen at the time when the moon is at, 
or near, one of her nodes, for at no other time is she near the 
plane of the earth's orbit; and since the earth is always in 
this plane, the moon must be at, or near it also, in order to 
bring the two planets and the sun in the same right hne, with- 
out which no eclipse can happ>en. 

The reason why eclipses do not happen oftener, and at 
regular periods, is because a node of the moon is ususdly only 
twice, and never more than three times in the year, presented 
towards the sun. The average number of total eclipses of 
botli luminaries, in a century, is about thirty, and the average 
number of total and partial, in a year, about four. There 
may be seven eclipses in a year, including those of both lu- 

How man^ degrees is the moon's orbit inclined to that of the earth 1 
What aie the n<Sies of the moon 1 What is meant by the ascx^Jinff 
and descending nodes of the moon 1 What is the moon's apogee, and 
what her perigee 1 Why must the moon be at, or near, one of ner node^ 
to occasion an ecfipee 1 Why do not eclipses happen oflen, and at reg- 
ular periods 1 What is the greatest, and what the luut number of eclipMs^ 
that can happen in a year 1 
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minanes, and there may be only two. When there are only 
two, they are both of the sun. 

When the moon is within 16* degrees of her node, at the 
time of her change, she is so near the ecliptic, that the sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16i degrees of her 
node at the time of her change, than she is within 12 degrees 
at the time of her full, and consequently there will be a great- 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses will be. visible, at any one 

J)lace on the earth, than solar, because the sun, being so much 
arger than the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of the moon's sha- 
dow never covers but a small portion of the earth's surface^ 
while lunar eclipses are visible over a whole hemisphere, 
and as the earth turns on its axis, are therefore visible to more 
than half the earth. This will be obvious by figs. 206 and 
207, where it will be observed diat an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total only to those who live within the 
space covered by the moon's dark shadow. . 
. Lunar Eclipses. — ^When the moon falls into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she tlien becomes eclipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc being obscured, while the 
other part reflects the sun's light. But when her whole sur- 
face is obscured by the earth's shadow, she then suffers a total 
eclipse, and of a duration proportionate to the distance she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 
in the midst of the earth's shadow. Now it will be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why will there he moio solar than lunar eclipses, in the coarse of yean ^ 
Why will more lunar than solar eclipses he visible at any one place 1 
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that heipisphere of the earth which is next the noon, and that 
the moon's disc will be equally obscured, from whatever point 




it is seen. ."When the moon passes through only a part of the 
earth's shadow, then she suffers only a partial eclipse, but this 
is also risible from the whole hemisphere next the moon. It 
will be remembered that lunar eclipses happen only at full 
moon, the sun and moon being in opposition, and the earth be- 
tween them. 

Solcar Eclipses, — ^When the moon passes between the eartb 
and sun, there happens an eclipse of the sun, because then the 
moon^s shadow falls upon the earth. A total eclipse of the 
sun happens often, but when it occurs, the total obscurity 
is confined to a small part of the earth : since the dark por- 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow, or pe- 
numbra, may cover a space on the earth of more than 4000 
miles in diameter, within all which space the sun will be more 
or less eclipsed. When the penumbra first touches the earth, 
the eclipse begins at that place, and ends when the penumbra 
leaves it. But the eclipse will be total only where the dark 
shadow of the moon touches the earth. 

Fig. 907. 




Why is the same eclipse total at one place, and only partial at another 1 
Why IS a total eclipse of the son confined to so small a part of the eaith 1 
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Fig. 207 represents an eclipse of the sun, vnthout regard to 
Ae penumbra, that it may be observed how small a part ot 
the earth the dark shadow of the moon covers. To those 
who live within the limits of this shadow, the eclipse will be 
total, while to those who live in any direction around it, and 
within reach of the penumbra, it will be only partial, i 

Solar eclipses are called annular, from annulus, a rihg, 
when the moon passes across the centre of the. sun, hidinff all 
his light, with the exception of a iring on his outer edge, which 
the moon b too small to cover from the position in which it * 
is seen. Fig. 208. 




Fig. 208 represents a solar eclipse, with the penumbra D, 
C, and the umbra, or dark shadow, as seen in tlie above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m o, sometimes terminates, before it reaches the 
earth, and then an observer standing directly under the point 
0, will see the outer edge of the sun, forming a brighf ring 
around the circumference of the moon, thus forming an annu' 
lar eclipse. 

The penumbra D C, is only a partial interception of the 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly which reaches the earth, wnile the umbra, or dark shadow, 
terminates in the air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated^ 
may cover more than 4000 miles of space, while the umbra 
never covers more than 300 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
tants, while comparatively few will witness tlie total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, and when the moon is eclipsed to us, an eclipse 
of the sun happens to the moon. To the moon, an eclipse 

What is me&nt by penumbra *? What will be the difference in the aspect 
of the eclipse, whether the observer stands witliin the dark shadow, or only 
within the penumbra 1 What is meant by annular eclipses 1 Are annular 
eelipses ever total in any part of the earth 1 In annular edipees, what part 
•f toe moon's shadow reaches the earth % 

23 



966 TIDES. 

of the earth can never be total, rince her shadow covers only 
a small portion of the earth's surface. Such an eclipse, there- 
fore, at the moon, apnears only as a dark spot on the face of 
the earth ; but when the moon is eclipsed to us, the sun is par- 
tially eclipsed to the moon for several hours longer than the 
moon is eclipsed to us. 

77ie Tides. 

The ebbing and flowing of the sea, which regularly takes 

place twice in 24 hours, are called the tides. The cause o\ 

the tides, is the attraction of the sun and moon, but chiefly o] 

the moon, on the waters of the ocean. In virtue of the universal 

Erinciple of gravitation, heretofore explained, the moon, by 
er attraction, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as tlie squares of the 
distances mcrease, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the moon. This want of attraction, together with the greatei 
centrifugal force of the earth on its opposite side, produced in 
consequence of its greater distance from the common centre 
of gravitv. between the earth and moon, causes the waters to 
rise on t&e opposite side, at the same time that they are raised 
by direct attraction on the side nearest the moon. 

Thus the watera are constantly elevated on the sides of the 
earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let m, ^g. 209, be the moon, and E the €»rth covered with 
Fig. 309. 





water. As the moon passes round the earth, its solid and fluid 
parts are equally attracted by her influence according to their 
densities ; but while the solid parts are at liberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest. 

What b said concerning ecIinKB of the earth, as seen from the moon 1 
Wli|it are the tides? What is the cause of the tides 1 What causes tba 
.tide to nsexw the side of the earth opposite to the moon 1 



Cooseqiiently the waters are perpetually elevated immediately 
under the moon. If therefore tne earth stood still, the infln- 
ence of the moon's attraction would raise the tides only as she 
passed round the earth. But as the earth turns on her axis- 
erery 24 hours, and as the waters nearest the moon, as at a, 
are constantly elevated,, they will, in the course of 24 hours, 
move round the whole earth, and consequently from this cause 
there will be hifh water at every place once in 24 hours. As 
the elevation of the waters under the moon causes their de- |, 
pression at 90 degrees distance on the opposite sides of the 
earth d and c, the point c will come to the same place, by the 
earth's diurnal revolution, six hours after the point a, because 
c is one quarter the circumference of the earth from the point 
a, ^nd therefore there will be low water at any given place 
aix hours after it was high water at that place. But while it i» 
high water under the moon, in consequence of her direct at- 
traction, it is also high water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth'a 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours afler it was high water from the former 
cause, and six hours after it was low water from both causes. 
Thus, when it is high water at a and 6, it is low water at c 
and d, and as the earth revolves oiice in 24 houra^ there will 
be an alternate ebbing and flowing of the tide, at every place^ 
once in six hours. , 

But while the earth turns on her axis, the moon advances in 
her orbit, and consequently any given point on the earth will 
not come under the moon on one day so soon as it did on the 
day before. For this reason, high or low water at any place 
comes about fifty minutes later on one day than it did the day 
before. 

Thus far we have considered no other attractive influence 
except that cf the moon, as aflecting the watera of the ocean. 
But the sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

When the sun and moon are in conjunction, as represented 
in fig. 209, which takes place at her change, or when they are 

If the earth stood stil!, the tides would rise onl^ as the moon passes loand 
the earth ; what, then, causes the tides to rise twice in 34 hours 1 When k 
is high water under the moon hy her attraction, what is the cause of bkh 
vnXet on the opposite ode of the earth, at the same time 1 Why an £» 
tidM about 50 mmutes later eveiy davl 
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in opposition, which takes plaee at full moon, then their foreetf 
are united, or act on the waters in the same direction, and con* 
aequently the tides are elevated higher than usual, and on this 
account are called spring tides. 

But when the moon is in her quadratures, or quarters, the 
attraction of the sun tends to counteract that of the moon, and 
althouji^h his attraction does not elevate the waters and pro- 
duce tides, his influence diminishes that of the moon, and con- 
sequently the elevation of the waters are less when the sun 
and moon are so situated in respect to each other, than when 
they are in conjunction, or opposition. 

Fig. 310. 





This effect is represented by fig. 210, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a 5, tends to 
counteract the moon's attractive influence. These small tides 
are called neap tides, and happen only when the moon is in 
her quadratures. 

The tides are not at their greatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, sometime after the direct influence of the moon 
has ceased to affect it. 

latitude and Longitude. 

Latitude is the distance from the equator in a direct line, 
Bordi or south, measured in decrees and minutes. The num- 
ber of degrees is 90 north, and as many south, each line on 
which th^e degreeis are reckoned running from the equator 
to the poles. Places at *he north of the equator are in north 
latitude, and tho^e south of the e(}uator are in south latitude. 
The parallels of latitude are imaginary lines drawn parallel to 

What produocw0prin|^ tides? Whei? must the moon be in respect to tho 
■on, to prouuoe spring tides? What is the oocasion of neap tidM 2 Whil 
IB latitude? 
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tfie equator, either north or south, and hence every place 
situated on the same parallel, is in the same latitude, be- 
cause every such place must be at the same distance from 
the Equator. The length of a degree of latitude is 60 geo- 
graphical miles. 

Longitude is the distance measured in degrees and minutes 
either east or west, from any ffiven point, on the equator, or 
on any parallel of latitude. Hence the lines, or meridians of 
londtuae cross those of latitude at right angles. The degrees 
of k>ngitude are 180 in number, its lines extending half a 
circle to the east, and half a circle to the west, from any dven 
meridian, so as to include the whole circumference of the 
earth. A degree of longitude,, at the equator, is of the same 
length as a degree of latitude, but as the poles are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller in circumference^ from the equator to- 
wards the poles ; hence the lines surrounding it become less 
and less. This will be made obvious by fig. 211. 

" " * Let this figure represent the 

earth, N being the north pole, 
8 the south pole, and JB Tr the 
equator. The lines 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines N a S N^ 
b S, &c. are meridian lines, or 
4iir those of longitude. 

The 'latitude of any place on 
the globe, is the number of de** 
grees between that place and the 
equator, measured on a meridian 
line ; thus :r is in latitude 40 
degrees, because the or ^ part of 
Che meridian contains 40 degrees. 

The longitude of a place is the number of degrees it is situ* 
ated east or west from any meridian line ; thus v is20'de^ees 
west longitude from x, and 2: is 20 degrees east longitude 
from V. 

As the equator divides the earth into two equal parts, or 
hemispheres, there seems to be a natural reason why the de« 

How many degrees oflioitude are there 7 How fiur do the lines of latitude 
extend? WW is meant by north and south latitude 1 What are the pand- 
leb of latitude? What is longitude? How many degrees of longitude are 
Ibeie, east or west? What is tholalitade of any place? What is the longjh 
tadeof apUoel 
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crees 9{ ktitode shoiidd be i^eekonet) from lliiff great eirele» 
Birt AtNB Msl to wett there is no natuml dfvision df the earth, 
meridian line being n great circle, dfviding the earth 
I two hemispheres, and henee there is no natinra] reason 
why longitude should be reckoned from one meridian any 
more thiud another. It has, therefore, been customary for 
writers and mariners to reckon londtude from the capital of 
their own country, as the English from London, the French 
from Paris, and the Americans from Washington. But this 
mode, it is apparent, must occasion much confusion, since each 
writer of a diflferent nation would be obliged to correct the 
longitude of all other countries, to make it agree with his own. 
More recently, therefore, the writers of Europe and America 
bare selected the royal observatory, at Greenwich, near Lon- 
don, as the first meridian, and on inost maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is determined by taking the alti- 
tude of the sun at mid-day, and then subtracting this from 90 
degrees, making proper aUowahces for the suits place in the 
heavens. The reason of this will be understood, when it is 
considered tlmt the whole numl)er of degrees from the Zenith 
to the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun's declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus, suppose that on the 'A)tb of March, when 
the sun is at the eq^mtor, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the de^ 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation was made. 

If the sun, at the tim^ of observation, has a declination, 
north or south of the equalor, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the 
place where the latitude was found to be 42, when the sun 
had a declination of 8 degrees north, tien his altitude would 
be 8 degrees greater than before, and therefore 56, instead of 

-VHiT an the degrea of latitnde reckoned ftwn the equatorl What is 
gflid coQcenur^ the places from which the degrees of lon^ude have been 
xeckoned ? What is the inconveiuenoe of estimating longitode f-om a plaoo 
fo each GOQDtiyl Fvom what place is longitutfe xedEoiwd in Europe and 

Amecica^ 
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4&L Now, subtracting thb 8> the.san's declination, fr«fa 56, 
and the remainder from 90, and the latitude of the place will 
be found 42, as before. If the snn's declination be south of 
the equator, and the latitude of the place north, his declina- 
tion must be added to the merid^^ltitude, instead of being 
subtracted from it The same Jfflmlt may be obtained by 
taking the meridian altitude of amy of the fixed stars, whose 
declinations are known, insteacT of the sun's, and proceeding 
as above directed. 

There is more difficulty in ascertaining the degrees of lon- 
^tude, than those of latitude, because, as above stated, there 
IS no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are therefore estimated 
from Greenwich, and are ascertained by the folio wirig methods: 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time. For 360 de- 
grees being divided by 24 hours, will give 15. The earth, there- 
lore, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
fiun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the sun has still an hour to travel, before 
he reaches the meridian of that place. It makes no differ- 
ence, then, where the observer is placed, since if it is 12 
o'clock where he is, it will be 1 o'clock 15 degees to the east 
of him, and 11 o'clock 15 degrees to the west of him, and so 

How b the latitude of a place determined 1 Give an example of the method 
«f findihg the latitude of the same place at different seasons of the year. 
When most the sun's declination from the equator be added to, and when 
subtracted from, his meridian ? altitude 1 Why is there more difficulty in as^ 
pertaining the degrees of longitude than- of latitude ?.' How many degrees of 
longitude does the surface of the eaxth pass through in an hour 1 Suppose it 
is noon at any given place, what o'clock will it be 15 degrees to the euut of 
thatplacel EiqpUiin the reaaoD. How may lon^tud6 bd ddtezmined by an. 
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in this nropdrtion, let the time be more or less. Now, if anj 
eelestial pnenomenon should happen, such as an eclipse of 
the moon, or of Jupiter's satellites, the difference of longitude 
between two places where it is observed, may be determine! 
by the difference of th^iAes at which it appeared to take 
pmce. Thus, if the mWvnters the earth's shadow at 6 
o'clock in the evening, as^een at Philadelphia, and at haK 
past 6 o'clock at another place, then this place is half an hour, 
or 71 degrees, to the east of Philadelphia, because 7| degrees 
of longitude are equal to half an hour of time. To apply these 
observations practically, it is only necessary that it snould be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian ; for if the 
difference between two clocks, situated east and west of each 
other, and going exactly at the same rate, can be known, at 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the difference 
of longitude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly tne same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, while 
the other remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, has occasion to know his 
longitude. In the first place, he ascertains, by an observation 
of&e sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and by allowing 15 degrees for every hour of the difference in 
time, he will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, 
finds by observation, that it is 12 o'clock by the sun, and at 
the same time findd by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation after it is noon at Greenwich, he knows that his longi- 
tude is west from Greenwich, and by allowing 15 degrees for 
eveiy hoiu: of the difference, his longitude is ascertained* 

Explain the principles on which loncitude ig determined by the chnmome- 
ter. Suppoee the captain finds by his diroi)ometer that it is 12 o'c^lock, whero 
he IB, 6 hours later than at Greenwich, what then would be his longitude t 
Suppose he finds it to be 19- oWock 4 hours eaz&r where he is, uan ^ 
Qxeenwich, what then would be his longitude 1 
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Thus, 15 decrrees, multiplied by 4 hours, give GO degrees of 
west longitu<)e from Greenwich. If it is noon at the place of 
observation, before it is noon at Greenwich, then the captain 
Jknows that his longitude is east, and his trcte place is found 
in the same manner. 

Fixed Stars. 

The stars are called /aredf, because they have been observed 
not to change their places with respect to each other. They 
may be distmguished by the naked eye from the planets of 
our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes,' and 
are called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, though only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 6th 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

It might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the different 
parts of the firmament, their numbers appear innumerable. 
But this deception arises from the confused and hasty manner 
In which thev are viewed, for if we look steadily on a particu- 
lar portion of sky, and count the stars contained witnin cer- 
tain limits, we. shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
from all the stars together, it is absurd to suppose that they 
were made for no otner purpose than to cast so faint a glim- 
mering on our earth, and especially as a great proportion of 
them are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer than 20,000,000,000,000, or 20 tril- 
lions of miles from the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihilated at the present time, their light would 

Why are the staTs called fixed 7 How may the staTs he distinguished from 
the planets ? The stars are divided into claBses, according to their magni- 
tudes ; how many classes are there 1 How n^any stars may be seen with 
the naked eye, in the whole firmaments Why does there appear to he more 
BtaiB than Uiere really are 1 What is the commited distance of the ■^eafest 
fixed stars from the earthi 
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continue to flow towaTds ns* and ihey would appear to be io 
the same situation to us, three years hence that they do now. 

Our sun, seen from the distance of the nearest fixed stars, 
would &PP^<ur no larger than a star of the first magnitude does 
to us. These stars appear no larger to us, when the earth is 
in that part of her orbit nearest to them, Uian they do, when 
she is in the opposite part of her orbit ; and as our distance 
from the sun is 95,000,000, of miles, we must be twice this 
distance, or the whole diameter of the earth's orbit, nearer a 
giren fixed star at one period of the year, than at another 
The difference, therefore, of 190,000,000 of miles, bears so 
small a proportion to the whole distance between us and the 
fixed stars, as to make no appreciable difference in their sizes, 
eyen when assisted by the most powerful telescopes. 

The amazing distances of the fixed stars may also be infer- 
red firom the return of comets to our system, after an absence 
of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the sun, has been computed at nearly a million of 
miles in an hour, and although their velocities roust be per- 
petually retarded, as they recede from the sun, still in 260 
years of time, they must move through a space, which to us 
would be infinite^ The periodical return of one comet 
b known to be upwards of 500 years, making more than 
250 y«ars in performing its journey to the most remote part 
of its orbit, and as many in returning back to our system ; 
and that it must still always be nearer our system than the 
fixed stars, is proved by its return : for by the laws of gravi- 
tation, did it approach nearer anotner system it would never 
again return to ours. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt tliat they shine widi their own light, 
like our sun, and hence the conclusion that they are suns to 
other worids, which move around them, as the planets do 
around our sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they millions of times nearer us than they 

How long would it take fight to reach us from the fixed stare 1 How laige 
would our sun appear at the distance of the fixed stars 1 What is said con- 
cerning the difference of the distance between the earth and the fixed stars 
at difierent seasons of the year, and of their different appearances in coDa»> 
qu^ice 1 How may the dintanoes of the fixed stars be inferred by the Umg 
absence and return of comets 1 On what grooxuli is it wiywM that tts 
fixed Stan ajw suns to other worids 1 
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are, we should not be able to disooyer the reflected light of their 
planets. 

Ck)mets. 

Besides the planets, which move round the siui in regular 
order and in nearly circular orbits, there belon&rs to the solar 
system an unknown number of bodies caljed Comets, which 
move round the sun in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance among our heavenly bodies is on- 
ly occasional. Comets, to the naked eye, have no visible disc, 
but shine with a faint glimmering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length. They appear in every region of the 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the harbingers of war, pestilence, or some other great 
or general evil ; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers could *be 
seen among our planets without the expectation of some dire- 
ful event. 

It had been supposed that comets moved in straight lines, 
coming from the regions of infinite, or unknown space, and 
merely passing by our system, on their way to regions equally 
unknown and infinite, and from which tKey never returned. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sun, like the planets, but that their orbits are ex- 
ceedingly elliptical, and extend out to a vast distance beyond 
the solar system. 

The number of comets is unknown, though some astrono* 
mers suppose that there are nearly 500 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occasional visits; 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there are only three whose periods of rm 
tarn among us are known with any degree of certainty. The 
first of these has a period of 75 years ; the second a period of 
129 years ; and the third a period of 575 years. The third 
appeared in 1680: and therefore cannot be expected again 



Wkat iramiber of comets are snppoied to bekmg to our system 1 *How manj 
have had the elements of their orbits estimated ^ astnmmiien 7 How many 
an theve whose peiiods of letum are knownl 
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until the year 2225. This comet, in 1690, excited the xnoBt 
intense interest among the astronomers of Europe, on account 
Fig. 312. of its great apparent size and 

"I near approach to our system. 
I In the most remote part of its 
I orbit, its distance from the 
I sun was estimated at about 
I eleven thousand two hundred 
I millions of miles. At its near- 
I est approach to the sun, whidi 
! was only about 50,000 miles, 
its velocity, according to Sir Isaac Newton, was 8^,000 miles 
in an hour ; and supposing it to have retained the sun's heat, 
like other solid bodies, its temperature must have been about 
2000 times that of red hot iron. The tail of this comet was at 
least 100 millions of miles long. 

In the Edinburgh Encyclopedia, article Astronomy, there 
is the most complete table of comets yet published. This 
table contains the elements of 97 comets, calculated by differ- 
ent astronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the sun and the orbit of Mercury; 33 between the or- 
bits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the sub 
from west to east, and 48 from east to west. 

Of the nature of these wanderinff planets very little is known. 
When examined by a telescope, ftiey appear like a mass of 
vapours surrounding a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
heightened by the intense light or heat of that luminary, and 
it then often shines with more brilliancy than the planets. At 
this time the tail or train, which is always directly opposite to 
tlie sun. appears at its greatest length, but is commonly so 
transparent as to permit the fixed stars to be s^ m through it. 
A variety of opinions have been advanced by as*:, jnomers con- 
cerning th'e nature and cause of these trains. Newton sup- 
posed that they were thin vapour, made to ascend by the sun's 
heat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun's rays. Others 
' ¥niatis8aidofthecc«ietof 16801 
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suppose that this appearance arises from streams of electric 
matter passing away from the comet, 6lc. 



ELECTRICITY. 

The science of Electricity^ which now ranks as an impor- 
tant branch of Nataral Philosophy, is wholly of modem date* 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, hut they never 
unagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron^ the Greek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing wax, or amber, is rubbed 
with a dry nand, and held towimls small and licht bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the sur&ce thus rubbed, and adhere to it for a short 
time. The influence by which these small Substances are drawn, 
is called electrical attraction^ the surface having this attractive 
power is said to be excited \ and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
this attractive power when rubbed, are called nan-electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 

Srecious stones, sealing wax, and the fur of quadrupeds. But 
le metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner. 

After the light substances, which had been attracted by the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts 
in a contrary direction, and the hght bodies are repelled^ or 
thrown away from the excited surface. Two boaies, also, 
which have been in contact with the excited surface, mutual- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications of its presence, when it exists only in a feeble de- 
gree. Instruments for this purpose are termed Electroscopes, 

From what Is the tenn electricity derived 1 What is dectrical attrao- 
tioa ? What are electrics 1 What are non-electrics 1 What are the princi- 
pol electrics I What is meant hy electrical lepnlsion 1 What is an electrp- 
seopel 
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One of the simplest instraraents of this kfaid eonsists of a 



Fig. 913. 
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metallic needle, tenninated at 
eaeh end by a light pith ball, 
which is cohered with gold leaf, 
and supported horizontally at 
its centre by a fine point, fig. 
213. \yhen a stick of sealing 
wax, or a glass tube, is exciteo, 
and then presented to one of 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance be brought near a ball made of pith. 
Fig. 214. or cork, suspended by a silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, fig. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion bf the electric will allow, 
the ball will come into c-ontact 
with the electric, and adhere to 
it for a short time, and will then 
recede from it, showing that it is repelled as at 6. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer case. 

It appears, therefore, that the excited bodjr, as the stick of 
sealing wax, imparts a portion of its electncity to the ball, 
and that when the ball is also electrified, a mutual repulsion 
then takes place between them. Afterwards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, after which these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity ot 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
^superabundance ; but when they are both equally electrified, 
'^••(li haying more or less than their natural quantity of elec- 
•«i*ity, they will repel each other. 

When do two electrified bodies attract, and when do they repel aadi other 1 
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To account for these phenomena, two theories have been 
(Advanced, one by Dr. Franklin, who supposes there is only 
one electrical fluid, and the other by Du Fay, who supposes 
there are two distinct fluids. 

Dr, Franklin supposed that all terrestrial substances were 
pervaded with the electrical fluid, and that by exciting an elec- 
tric, the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a pieqe of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called positive 
electricity. But if a conductor be connected with that part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore wUl then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively, and another negative- 
ly electnfled, are connected by a conducting substance, the 
fluid rushes from the positive to the negative body, and the 
equilibrium is restored. Thus bodies which are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
.thaet ball will attract another ball, after which they will mutu- 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, they will attract each other; that is, the ball which 
received its electricity from the wax will attract that which re- 
ceived its electricity from the glass, and will be attracted by it 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a. mutual attraction for each other — ^that they are separated by 

How -win two bodies act, one having more, and the other less than the 
natural quantity of electridt j, when brought near each other ? How will 
they act when both have more or less than theff natural quantity 1 Explain 
Dr. Franklin's theory of electricity. What is meant by positivCj and what 
by ne^tive electricity 1 What is the consequence, when a j^tive and a 
nmtiTe body are connected by a conductor 1 Explain Du Fay's theory. 
When two balls are electrified, one with gliM, and the other with wax^ w3t 
th^y attract or lepel Meh otber 1 
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the excitation of electrics, and that when thus separated, and 
transferred to non-electrics, as to the pith balls, their mutual 
attraction causes the balls to rush towards each other. These 
two principles he called vitreous and resinous electricity. The 
vitreous bein^ obtained from glass, and the resinous from wax, 
and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

It is found that some substances conduct the electric fluid 
from a positive to a negative surface with great facihty, while 
others conduct it with difiicultjr, and others not at alL Sub- 
stances of the first kind are called conductors, and those of the 
\Bstt non-conductors. The electrics, or such substances as, 
being excited, communicate electricity, are all non-conduct- 
ors, while the non-electrics, or such substances as do not com- 
municate electricity on being merely excited, are conductors. 
The conductors are the metals, charcoal, water, and other 
fluids, except the oils ; also, smoke, steam, ice, and snow. The 
best conductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are dass, amber, sulphur, 
resin, wax, silk, most hard stones, and me furs of some ani- 
mals. 

A bodv is said to be insulated^ when it is supported, or sur- 
rounded by an electric Thus, a stool, standing on glass legs, 
is insulated, and a plate of metal laid on a plate of glass, is 
insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or for other purposes, it is procured by an eleC' 
trical machine. These machines are of various forms, but all 
consist of an electric substance, of considerable dimensions ; 
the rubber by which this is excited, the prime conductor, on 
which the electric matter is accumulated, the insulator, which 
prevents the fluid from escaping, and machinery by which 
the electric is set in motion. 

What are the two electridfies called 1 From what sahgtances are the two 
electricities obtained 1 What are conductors 1 What are non-conductors 1 
What substances aze conductors 1 What substances are the best conductors ? 
What substances are electrics, or non-conductors ? When is a body said to 
be insulated? Wh«t are the several parts of an electrical nuushinel 
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Fig. 215 represents such a machine, of which A is the 
electric, being a cylinder of glass; B the prime conductor, 
R the rubber or cushion, and C a chain connecting the rub- 
ber with the ground. The prime conductor is supported by 
a standard of glass. Sometimes, also, the pillars which sup- 
port the axis of the cylinder, and that to which the cushion is 
attached, are made of the same material. The prime con- 
ductor has several wires inserted into its side, or end, which 
are pointed, and stand with the points near the cylinder. 
They receive the electric fluid from the glass and convey it 
to the conductor. The conductor is commonly made of sheet 
brass, there being no advantage in having it soUd, as the 
electric fluid is always confined entirely to the surface. 
Even paper, covered with gold leaf, is as effective in this 
respect, as though the whole was • of solid gold. The cushion 
is attached to a standard, which is furnished with a thumb 
screw, so that its pressure on the cylinder can be increased 
or diminished. The cushion is madie of leather, stuffed, and 
at its upper edge there is attached a flap of silk, F, by which 
a greater surfacapf the glass is covered, and the electric fluid 

What is the use of the pointed wires in the prime conductor 7 How is it 
accounted for, that a mere surface of metal will contain as much electric 
iluid, as though it were solid 1 When a ] nrce of glass, or sealing wax, is ex- 
cited, by rubbing it with the hand, or a piece of solk, whence corner ** " ■ * ■ * • ■ 
tricityl 
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thus prevented, in some degree, from escaping. The efficacy 
of the rubber in producing the electric excitation is much in- 
creased by spreading on it a small quantity of an amalgam of 
tin and mercury, mixed with a little lard, or other unctuous 
substance. 

The manner in which this machine acts, may be inferred 
from what has already been said, for when a stick of sealing 
wax, or a glass tube, b rubbed with the hand, or a piece of 
silk, the electric fluid is accumulated on the excited substance, 
and therefore must be transferred from the hand, or silk, to 
the electric In the same manner, when the cylinder is made 
to revolve, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the dass cylinder, 
that is, the cushion becomes negatively, and the glass posi- 
tively electrified. The fluid, bein^ thus excited; is prevented 
from escaping by the silk fla{), until it comes to the vicinity 
of the metallic points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity of 
electricity obtained, will soon have reached its limit, for when 
its natural quantity has been transferred to the glass, no more 
can be obtained. It is then necessary to make the cushion 
communicate with the ground, which is done by laying the 
chain on the floor, or table, when more of the fluid, wul be 
accumulated, by further excitation, the ground being the inex 
haustible source of the electric fluid. 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chain to the 
cushion, and from the cushion will be transferred to the prime 
conductor, and thus the persoa will become negatively elec- 
trified. If then, another person, standing on the floor, hold 
his knuckle near him who is insulated; a spark of electric fire 
%vil] pass between them, with a crackling noise, and the 
equilibrium will be restored; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands en 
the stool. But if the insulated person takes hold of a chain, 
connected with the prime conductor, he may be considered 

When the cushion ii insulated, why is there a limited quantity of electric 
matter to be obtained from iti What is then necessary, that more electric 
matter may be obtained from the cushion 1 If an insulated person takes the 
chain, connected with the cushion , in his hand, what chanee will be pro- 
duced in bb natural quaglj^ of etectridty 1 If the insulated person takes 
hold of the chain "^ ^ prime conductor, and the nrmr>i fiinft be 
worked, what th " '~"^' ' m his electrical state 1 
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as forming a part of the conductor, and therefore the electric 
fluid will be accumulated all over his surface, and he will be 
positively electrified, or will obtain more than his natural 
q;iantity of electricity. If now, a person standing on the floor 
touch this person, he will receive a spark of electrical Are 
from him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if they both 
stand on a plate of dass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, 
if they touch each other, a much stronger shock will be felt, 
than in either of the other cases, because the difference be- 
tween their electrical states will be greater, the one having 
more and the other less than his natural quantity of eleqtrici- 
ty. But if the two insulated persons both take hold of the 
chain connected with the prime conductor, or with that coi> 
nected with the cushion, jio spark will pass between them, on 
touching each other, because they will then both be in the 
same electrical state. 

We have seen, fig. 213, that the pith ball is first attracted 
and then repelled, by the excited electric, and that the ball so 
repelled will attract, or be attracted, by other substances in 
its vicinity, in consequence of having received from the exci- 
ted body more than its ordinary quantity of electricity. 
Fig. 316. % . These alternate movements aie amus- 

* ingly exhibited, by placing some small 

lignt bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in fig. 216, the upper 

Slate communicating wiUi the prime con- 
uctor, and the other with me ground. 
When the electricity is communicated to 
the upper plate, the little figures, being at- 
tracted by the electricity, will jump up, 
and strike their heads against it, and hav- 
ing received a portion of the fluid, are in- 
stantly repellea, and again attracted by the 
lower plate, to which they impart their elec- 

ftf two insulated persons take hold of the two chains, one connected with 
iSt^ prime conductor, and the other with the cushioni what changes ^ ill be 
piodttoedl 
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tricit}r, and then are again attracted, and so fetch and cany th« 
electric fluid from one to the other, as lone as Uie upper plate 
contains more than the lower one. In the same manner, a 
tumbler, if electrified on the inside, and placed over light sub- 
stances, as pith balls, will cause them to dance for a consider- 
able time. 

This alternate attraction and repulsion, by moveable con- 
ductors, is also pleasingly illustrated with a ball, suspended 
by a silk string between two bells of brass, fig. 217, one of 
Fig. 21X the bells being electrified, and the other 

communicating with the ground. The 
alternate attraction and repulsion, 
moves the ball from one bell to the 
other, and thus produces a continual 
ringing. In all these cases, the phe- 
nomena will be the same, whether the 
electricity be positive or negative; 
for two bodies, being both positively, 
or negatively electrified, repeL'each 
other, but if one be electrified positive- 
A i A ^y^ ^^^ *^® other negatively, or not at 

^^ <^ all, they attract each other. 

Thus^ small figure, in the human 
shape, with the head covered with hair, when electrified, either 
positively or negatively, will exhibit an appearance of the ut- 
most terror, each hair standing erect, and diverging from the 
other, in consequence of mutual repulsion. A person stand- 
ing on an insulated stool, and highly electrified, will exhibit the 
same appearance. In cold, drv weather, the friction pro- 
duced by combing a person's hair,- will cause a less degree 
of the same effect In either case, the hair will collapse, or 
shrink to its natural state, on carrying a needle near it, be- 
cause this conducts away the electric fluid. Instrumenti* 
designed to measure the intensity of electric action, are called 
electrometers. 

Such an instrument is represented by fig. 218. It consists 
of a slender rod of ligiit wood, a, terminated by a pith bal5, 
which serves as an index. This is suspended at tne upper 
If they both take hold of the same chain, what will be the effect 1 ^^ 
plain the reason why the Jittle images dance between the two metallic platea, 
fig. 216. Explain Hg. 217. Does it make any difference in respect to the 
motion of the imageg, or of the ball between the bells, whether the electri- 
city hejpoatiye or negaUve] When a pereon U highly electrified, why doe» 
he exhibit an appearance of the utmost terror? What is an eIecto>iB4er 1 
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Fig. 918. part of the wooden stem 5, so as to pky easily 
Dackwards and forwards. The ivory semicir- 
cle c, is affixed to the stem, having its centre 
coinciding with the axis of motion of the rod, 
so as to measure the ande of deviation from 
the perpendicular, which the repulsion of the 
ball from the stem produces in the index. 

When this instrument is used, the lower end 

of the stem is set into an aperture in the prime 

conductor, and the intensity of the electric 

action is indicated by the number of degrees 

the index is repelled from the perpendicular. 

The passage of the electric fluid through a 

perfect conductor is never attended with light, 

oi the crackling noise, which is heard when it is transmitted 

through the air, or along the surface of an electric. 

Several curious experiments illustrate thb principle, for if 
fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass be- 
t^veen them, die whole line thus formed with the pieces of 
metal, will be illuminated by the passage of the electricity 
from one to the other 

Fig. 219. 





In this manner, figures' or words may be formed, as in fig. . 
219, which by connectiuff one of its ends with the prin^ con- 
ductor, and the other with the ground, will, when tne electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

Electrical light seems not to differ, in any respect, from the 
liffht of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina- 
ry colors arising f rom the decomposition of light were obvious. 

Describe that represented at fig. 219, together with the mode of using it. 
When the electric fluid passes along a perfect conductor, is it attended with 
light and noise, or not 1 When it passes along an electric, or through the 
air, what phenomena does it exhibit ] Describe the experiment, fig. 219, in- 
tended to illustrate this principle. 
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The brilllanGy of electrical sparks is proportional to the 
conducting power of the bodies between which it passes. 
When an imperfect conductor, such as a piece of wood, is em- 
ployed* the electric light appears in faint, red streams, while, 
if passed between two pointed metals, its color is of a more 
brilliant red. Its color also differs, according to the kind of 
substance from, or to which, it passes, or it is dependant on 
peculiar circumstances. Thus, if the electric fluid passes be- 
tween two polished metallic surfaces, its color is nearly 
white ; but if the spark is received by the finger from such a 
surface, it will be violet. The sparks are sreen, when taken 
by the finger from a surface of silvered leather ; yellow^ when 
taken from finely powdered charcoal ; nnd purple, when taken 
from the greater number of imperfect conductors. 

When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electri- 
city be positive or neo^ative. The reason of this appears to 
be,' that the instant a particle of air becomes electrinedf it re- 
pels, and is repelled by the point from which it received the 
electricity. 

Fig. 220. Several curious little experiments are 

made on this principle. Thus, let two cross 
wires, as in fig. 220, be suspended on a pi- 
vot, each having its point bent in a contrary 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give off streams of electricity, 
and as the particles of air repel the points 
by which they ar^ electrified, the little ma- 
chine will turn round rapidly, in the direction contrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
the atmosphere against the current of air given off by the 
points, assists in giving it motion. 

When one part, or side of an electric, is positively, the other 
part, or side, is negatively electrified. Thus, if a plate of glas& 
te positively electrified on one side, it will be negatively elec- 



What is the appearance of electrical light tlirough a prism 1 What is said 
concerninff the different colors of electrical light, when passing between 
surfaces of difierent kinds ? Describe fig. S20, and explain the principle on 
which its motion depends. Suppose one part, or side of an eIectriC| is poatiM^ 
what will be the electrical state of the other side or pait 1 
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trified on the other, and if the inside of a glass vessel be posi* 
live, the outside willbe negative. 

Advantage of this circumstance is taken, in the construc- 
tion of electrical jars, called, from the place where they were 
first made, Leyderk vials. 

Fig. 221. The most common form of this jar is repre- 

sented by fig. 221. It consists of a ^lass ves- 
sel, coated, on both sides, up to a with tin foil ; 
the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage 
of tfie electric fluid from one coating to the 
v)ther. A metallic rod, rising two or three 
inches above the jar, and terminating at the 
top with a brass ball, which is called the knob 
ofuie jar, is made to descend through the cover, 
till it touches the interior coating. It is along 
this rod that the charge of electricity is con- 
veyed to the inner coating, while the outer 
coating is made to communicate with the ground. 

When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated 
on the tin foil coating, while the glass above the tin foil pre- 
vents its escape, and thus the jar becomes charged. By con- 
necting together a sufficient number of these jars, any quan- 
tity' of the electric fluid may be accumulated. For this pur- 
pose all the mterior coatings of the jars are made to commu- 
nicate with each other, by metallic rods passing between 
them, and finally terminating in a single rod. A similar 
union is also established, by connecting the external coats 
with each other. When thus arranged, the whole series may 
be charged, as if they formed but one jar, and the whole 
series may be discharged at the same instant. Such a corii- 
ynation of jars is termed an electrical battery. 

For the purpose of making a direct communication between 
the inner and outer coating of a single jar, or battery, by which 
a discharge is effected, an instrument called a discharging rod 
is employed. It consists of two bent metallic rods, termina- 
ted at one end by brass balls, and at the other end comiected 

What part of the electrical apparatus is constructed on this principled 
How is the Leyden vial constructed 7 Why is not the whole surface of the 
rial covered with the tin foil 1 How is the Leyden vial charged 1 In what 
TBAimer may a number of these vials be charged ? What is an electrical 
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by a joint This joint is fixed to the end of a glass nandle; 
and the rods being moyeable at the joint, the balk can be sep- 
arated, or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin foil on the outside of the jar, and then the other is 



Fig,VSL 




brought in contact with the knob 
of the jar, as seen in fig. 22S2. In 
this manner a discharge is effect- 
edr or an equilibrium produced 
between the positive and negative 
sides of the jar. 

When it is desired to pass the 
charge throuffh any substance for 
experiment, then an electrical cir" 
cutt must be established, of which 
the substance to be experimented 
on, must form a part That is, 
the substance must be placed between the ends of two metal 
lie conductors, one of which communicates with the positive, 
and the other with the negative side of the jar, or battery. 

When a person takes the electrical shock in the usual man- 
ner, he merely takes hold of the chain connected with the 
outside coatinff, and the battery being charged, touches the 
knob with his finger, or with a metaUic rod. On making this 
circuit, the fluid passes through the person from the positive 
to the negative side. 

Any number of persons may receive the electrical shocks 
by taking hold of each other*s hands, the first person touching 
tfie knob, while the last takes hold of a chain connected with 
the external coating. In tibis manner, hundreds, or perhaps 
thousands of persons, will feel the Shock at the same instant, 
there being no perceptible interval in the time when the first 
and the last person in the circle feels the sensation excited by 
thepassage of the electric fluid. 

The atmosphere always contains more or less electricity, 
which is sometimes positive, and at others negative. It is 
however most commonly positive, and always so when the sky 

Ex|dain the design of fig. 322, and show how an equilibrimn is produced 
by the discharging rod. When it is desired to pass the electrical fluid through 
any substance, where must it be placed in respect to the two si^es of the 
battery 1 Suppose the battery is charged, what must a person do to take the 
shock 1 What dicumstanoe is related, which shows the surprising velodty 
with which electricity is transmitted ? Is the electricity of the atmosphere 
pootiTe or negative 1 
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is dear* or free from elouds or fo^. It is always stronger in 
winter than in summer, and dunng the day than during the 
night It is also stronger at some hours of the day than at 
others ; being strongest about 9 o'clock in the morning, and 
weakest about the middle of the afternoon. These different 
electrical states are ascertained by means of* long metallie 
wires extending from one building to another, and connected 
with electrometers. 

It was proved by Dr. Franklin, that the electric fluid and 
lightning are the same substance, and this identity has been 
confirmed by subsequent writers on the subject* 

If the properties and phenomena of liffhtninff be compared 
with those of electricity^ it will be found that tney differ only 
in respect to degree. Thus lightning passes in irregular lines 
through the air; the discharge of an electrical battery has the 
same appearance. Lightning strikes the* highest pointed ob- 
jects — takes in its course the best conductors — sets fire to non- 
conductors, or rends them in pieces — and destroys animal 
life ; all of which phenomena are caused by the electric fluid. 

Buildings may bcv secured from the efiects of lightning, by 
fixing to them a metallic rod, which is elevated above any part 
of the edifice and continued to the moist ground, or to the 
nearest water. Copper, for this purpose, is better than iron, 
not only because it is less liable to rust, but because it is a bet- 
ter conductdr of the electric fluid. The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not liable to rust, such as gold, platina, or silver. 
No protection is afforded by the conductor unless it is continU' 
edwithout interruption from the top to the bottom of the build- 
ingy and it cannot be relied on as a protector, unless it reaxihes 
the moist earth, or ends in water connected with the earth. 
Ck)nductors of copper, may be three fourths of an inch in di- 
ameter, but those of iron should be at least an inch in diame- 
ter. In large buildings, complete protection requires many 
lightning rods, or tliat they should be elevated to a height 
above the building in proportion to the smallness of their nuiA- 
bers, for modern experiments have proved that a rod only pro- 

At wlutt times ddes the atmosphere contain most electridty ? How are ths 
different electrical states of the atmosphere ascertained ? W ho first disco- 
vered that electricity and lightning are the same ? What phenomena an 
mentioned which belong in common to dectricity and lightmngl How may 
building be protected m>m the effects of lightning % Wmch is the best con- 
ductor, iron or copper 1 What drcumstances are necessary, diat the lod may 
be relied^on as a protector 1 
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tects a circle around it, the radius of which is equal to twice 
its length above the building. 

Some fishes have the power of giving electrical shocks, the 
effects of which are the same as those obtained by the friction 
of an electric. The best known of these are the Torpedo^ the 
GymnotTis electricus^ and the Silurus electricus. 

The torpedo, when touched with both hands at the same 
time, the one hand on the under, and the other on the upper 
surface, will give a shock like that of the Levden vial ; which 
shows that the upper and under surfaces of the electric organs 
are in the positive and negative state, like the inner ttnd outer 
surfaces of the electrical jar. 

The gymnotus electricus, or electrical eel, possesses all the 
electrical powers of the torpedo, but in a mucn higher degree. 
When small fish are placed in the wat^ with this animal, they 
are generally stunned, and sometimes killed, by his electrical 
sliOCK, after which he eats them if hungry. The strongest 
shock of the gymnotus, will pass a short distance through the 
air, or across the surface of an electric, from one conductor 
to another, and then there can be perceived a small, but vivid 
spark of electrical fire : particularly if the experiment be made 
in the dark. Galvanism. See Chemistry. 
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The native Magnet, or Loadstone, is an ore of iron, which 
is found in various parts of the world. Its color is iron black, 
its specific gravity from 4 to 5, and it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and steel, and when suspended by a string, will turn one of 
its sides towards the north, and another towards the south. 

It appears that an examination of the properties of this spe- 
cies of iron ore, led to the important discovery of the magnetic 
needle, and subsequently laid the foundation for the science ot 
Magnetism, though at the present day magnets are made with- 
out this article. 

The whole science of magnetism is founded on the fact that 
pieces of iron or steel, after being treated in a certain manner, 
and then suspended, will constantly turn one of their ends to- 

What animals have the power of ^ving electrical shocks 1 Is this efecbi- 
eity supposed to difier from that obtamed by art? How must tiie hands be 
•pphed to take the electrical shock of these animals ? What Is the nathe 
maffnet or loadstone 'I What are the properties of the loadstme 1 On what 
w the whole subject of magnetism £>unded.1 
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if^ards the north, 4 fd consequently the other towards the south. 
The same proper ( has been more recently proved to belong 
to the metals nickel and cobalt, though with much less intensity. 

The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
magnetic needle, when at rest, directs itself. 

The axis of a ratignet, is a right line which passes from one 
of its poles to the other. 

The equator of a magnet, is a line perpendicular to its ax- 
is, and is at the centre between the two poles. 

The leading properties of the magnet are the following. It 
attracts iron and steel, and when suspended so as to move free- 
ly, it arranges itself so as to point north and south; this is call- 
ed the polarity of the magnet. When the south pole of one 
magnet is presented to the north pole of another, they will at- 
tract each-jQthftr; this is called magnetic attraction. But if the 
tW5 north or two S0UfR^ole»^b«^ ^bi«dwgJ** t^gctlrer, -they will 
repel each other, and this is called magnetic repulsion. When 
a magnet is left to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. This is 
called the dipping, or inclination of the magnetic needle. 
Any magnet is capable of communicating its own properties 
to iron or steel, and this again will impart its magnetic virtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the pole9 
of a magnet, they will attract each other, and if suffered to 
come into contact, will adhere so as to require force to sepa- 
rate them. ITiis attraction is mutual ; for the iron attracts the 
magnet with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 
the same ratio as the force of gravity; the attracting force be- 

What other metals besides iron possess the magnetic propertjr 1 What are 
the poles of a magnet 1 What \s the axis of a magnet ? What is the equator 
of a magnet 1 What is meant by the polarity of a magnet 1 When do two 
magnets attract, and when repel each other 1 What is undoBtOod by ^ 
dipping of the magnetic needle 1 
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ing inyenely m d&e tquaro of the distance between the mag- 
net and the iron. 

^ The magnetic force is not sensibly affected b;^ the interpo 
aition of any substance except those containing iron, or steeL 
Thus, if two magnets, or a magnet and piece of iron, attract 
each other with a certain force, this force will be the same, if 
a plate of fflass, wood, or paper, be placed between them. 
Neither will the force be altered, by placing the two attracting 
bodies under water, or in the exiiausted receiver of an air 

{>ump. This proves that the magnetic influence passes equal- 
7 well through air, glass, wood, paper, water, and a vacuum. 

Heat weakens the attractive power of the magnet, and a 
white heat entirely destroys it Electricity will change the 
poles of the magnetic needle, and the explosion of a small 
quantity of gun-powder on one of the poles, will have the 
same effect 

The attractive power of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspending 
to the steel a little additional weight every day, for it win 
sustain* to a certain limit, a little more freight on one day, 
than it would on the day before. 

Small natural magnets will sustain more than large ones in 
proportion to their weight It is rare to find a natural niag- 
net, weighing 20 or 30 grains, which will lift more than thirty 
or forty times its own weight . But a minute piece of natural 
magnet, worn by Sir Isaac Newton, in a rin^, which weighed 
only three grains, is said to have been capsu[)le of lifting 746 
grains, or nearly 250 times its own weight 

The magnetic property may be communicated from the 
loadstone, or artificial magnet, m the following manner, it be- 
ing understood that the north pole of one of me magnets em- 
ployed, must always be drawn towards the south pole of the 
new maenet, and that the south pole of the other magnet em- 
ployed, IS to be drawn in the contrary direction. The north 
poles of magnetic bars are usually marked with a line across 
them so as to distinguish this end from the other. 

How IB it proved that the iron attracts the magnet with the same force 
that the ma^et attracts the iron 1 How does the force of ma^etic attrao- 
tion vaiy wi& the distance 7 Does the magnetic force vary with the mter- 
position of any suhstance between the attracting bodies 1 What it the effect 
of heat on the magnet 7 What is the effect of electricity, or the explosion ot 
gun-powder on it 7 How may the power of a magnet be increased 7 What 
IS said conoeming the comparative powers of great and small magnets 7 
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Place two magnetic 
bars, a and &, fig. 5^3, so 
that the north end of one 
may be nearest the south 
end of the other, and at 
such a distance, that the 
ends of the steel bar to be 
touched, may rest upon 
them. Haying thus arranged them, as shown m the figure, 
take the two magnetic bars, d and e, and apply the south end 
of e, and the north end of J, to the middle of the bar <?, eleva- 
ting their ends as seen in the figure. Next separate the bars 
e and d, by drawing them in opposite directions along the 
surface of c, still preserving the elevation of their ends ; then 
removing the bars d and e to the distance of a foot or more 
from the bar c, bring their north and south poles into contact, 
and then having again placed them on the middle of c, draw 
them in contrary -directions, as before. The same process 
must be repeated many times, on each side of the bar, c, when 
it. will be found to have acquired a strong snd permanent 
magnetism. 

If a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kers, and fire shovels, almost always possess more or less 
magnetic virtue, and the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the magnetic line. 

A magnetic needle, such as is employed in the mariner's and 
surveyor's compass, may be made by fixing a piece of steel on 
a board, and then drawing two magnets firom the centre to- 
wards each end, as directed, at fig. 223. Some magnetic 
needles in time lose their virtue, and require again to be 
magnetized. This may be done by placing the needle, stili 
suspended on its pivot, between tne opposite poles of two 
magnetic bars. While it is receiving the magnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated, but when it has become perfectly magnetized, it will 
remain quiescent. 

Explain fig. 223, and describe the mode of making a magnet. In what 
pootions do bars of iron become ma^etic sjpontaneo^y 1 l£>w may a noe- 
dle be magnetized without removing it from its pivot 1 
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Tlie dt/s or inclination of the magnetic needle, is lis devia- 
tion from its horizontal position, as already mentioned.. A 
piece of steel, or a needle, which \nll rest on its centre, in a 
direction parallel to the horizon, before it is magnetized, will 
afterwards incline one of its ends towards the earth. This 
property o{^e magnetic needle was discovered by a compass 
maker, who, having finished his needles before they were 
magnetized, found that immediately afterwards, their north 
ends inclined towards the earth, so that he was obliged to add 
small weights to their south poles, in order to make them 
balance, as before. 

• The dip of the magnetic needle is measured by a graduated 
circle, placed in the vertical position, with the needle sus- 
pended by its side. Its inclination from a horizontal line 
marked across the face of this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

Tlie dip of the needle does not vary materially at the same 
pla ce, ^ut differs in different latitudes, increasing as it is car- 
ried towargis~lfieTiorTh, and d hnininhi n g w g it TyTrairicd tu* 
wards the south. At London, the dip for many years has 
varied little from 72 degrees. In the latitude of 60 degrees 
north, the dip, according to the observations of Capt. Parry» 
was 88 decrees. 

Although, in general terms, the magnetic needle is said to 
point north and south, yet this is very seldom strictly true, 
there being a variation in its direction, which differs in degree 
at different tiines and places. This is called the variation, 
or declination, of the magnetic needle. 

This variation is determined at sea, by observing the differ- 
ent points of the compass at which the sun rises, or sets, and 
comparing them with the true points of the sunV rising or 
setting according to astronomical tables. By such observa- 
tions, it has been ascertained, that the magnetic needle is 
continuallv declining alternately to the east, or west, from due 
north, ana that this variation differs in different parts of the 
world at the same time, and at the same place at different 
times. 

How was the dip of the magnetic needle first (fiscovered 1 In what man- 
ner is the dip measured ? What circumstance increases or diminishes the 
dip of the needle 7 What is meant by the declination of the ma^etic nee- 
dle ? How is this yariation determined % What has been ascertained, con- 
cerning the variation of the needle at diflemit times and places 1 . - 
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In 1580 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at^the mean rate of about 9 
minutes of a degree in each year, towards the north. Since 
1657, according to observations made in England, it has de- 
clined gradually towards the west, so that in 1803, its varia- 
tion west of north, was 24 decrees. 

At Hartford, Con. in latitude about 41, it appears from a re- 
cord of its variations, that since the year 1824, the magnetic 
needle has been declining towards the west, at the mean rate 
of 3 minutes of a degree annually, and that on the 20th of July, 
1829, the variation was 6 degrees 3 minutes west of the true 
meridian. 

The cause of this annual variation has not been demonstra- 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the different months of the year, which seen;! to depend on the 
degrees of heat and cold. 

• The directive power of the magnet is of vast imp ortance to 
the world, since by this power, mari n c r Q ar e enab led to con- 
duct their vessels through the widest oceans, in any given di- 
rection, and by it, travellers can find their way across deserts 
which would otherwise be impassable. 
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